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I,  Introduction 

The  writers  stated  in  an  earlier  work  (Kr&pelin  19^5, 

Von  Guttenberg  and  KrBpelin  1947)  that  the  pulvlnus  of 
Phaseolua  Multlflorue  carried  out  movements  which  corres¬ 
pond  to  the  normal  nastic  movements  of  such  plants  whenever 
heteroauxin  or  growth  factors  of  natural  origin  (from  A vena, 
for  example)  are  applied  externally  to  the  plant  or  taJce'ri"""" 
in,  internally.  Possible  explanations  offered  for  this 
behavior  were:  changes  in  the  elastio  or  plastic  proper¬ 
ties  of  the  membrane;  changes  in  the  pressure  deficit  or 
suction  tension  of  its  contents  or  an  effect  on  the  water- 
permeability  of  the  pulvlnus  cells. 

It  was  assumed  for  a  long  time  by  a  number  of  auth¬ 
ors  (such  as  Von  Overbeck  1926,  SBdIng  1931#  Heyn  from  1931 
onwards  and  Huge  1937)  that  growth  faotors  affected  the  mem¬ 
brane  directly.  The  reason  which  led  one  to  hold  firm  so 
long  to  such  an  Improbable  Interpretation  was  the  fact  that 
though  changes  were  observed  taking  plaoe  in  the  protoplasm 
and  the  cell  aap,  they  always  oocurred  only  after  a  certain 
period  of  time  had  elapsed,  which  was  a  great  deal  longer 
than  the  reaction  time  of  the  growth  prooess.  Thus  Fried¬ 
rich  (1936)  did  find  an  increase  in  sugars  present  on  the 


under  aide  of  Hellanthus  shoots  when  stimulated  geotropical- 
ly  and  in  this  case  enriched  with  growth  factors,  but  this 
did  not  make  its  appearance  until  after  a  number  of  hours 
had  passed.  According  to  ftuge,  too,  certain  physiological 
changes  in  the  cells  only  occur  a  considerable  period  of 
time  subsequent  to  the  growth  reaction.  More  recently  Ren¬ 
ders  (1942)  demonstrated  that  there  is  an  increase  in  res¬ 
piration  which  sets  in  under  the  influence  of  growth  fac¬ 
tors  and  that  this  leads  after  a  passage  of  a  number  of 
hours  and  even  after  some  days  to  an  increase  in  osmotic 
substance. 

No  tests  had  as  yet  been  made  by  anyone  to  determine 
what  effect  growth  factors  might  have  on  protoplasm  perme¬ 
ability.  3ecause  of  this  we  investigated  in  the  above  men¬ 
tioned  paper,  the  possibility  that  the  water-permeability 
of  protoplasm  might  change  under  the  influence  of  growth 
factors.  We  selected  the  acceleration  of  deplasmolysis 
time  (Kuber  and  Hbflor  1930)  as  a  measure  of  increased 
water  permeability.  Since  the  pulvinus  cells  of  the  leaf 
joint  are  poorly  suited  to  such  experiments,  we  selected 
two  well-proven  subjects  for  our  experiments,  namely,  the 
epidermal  cells  of  the  lower  leaf  side  of  Rhoeo  discolor 
and  of  onion  skins.  An  increase  in  water  permeability 
brought  about  by  growth  factors  could  then  be  proven  valid 
if  the  deplasmolysis  tiri6  were  decreased  in  such  subjects 
as  compared  with  controls. 

We  did,  in  fact,  discover  the  existence  of  such  an 
acceleration  specifically  upon  utilizing  heteroauxin  or 
concentrations  of  diffusate  lying  within  known  physiologi¬ 
cal  limits. 

These  investigations  had  to  be  broken  off  permature- 
ly  because  of  the  events  of  1945  (immediate  aftermath  of 
World  War  II).  The  results  attained  appeared  important 
enough,  though,  to  prepare  the  way  for  taking  the  experi¬ 
ments  up  again  on  a  broad  basis.  The  primary  effect  of  the 
growth  factor,  so  long  sought  after,  was  discovered  and  it 
was  recognized  that  it  concerned  neither  the  protoplasm  nor 
the  cell  wall,  particularly  important  was  the  fact  that 
the  protoplasm  was  affected  in  a  very  short  time,  thereby 
explaining  unusual  spoed  with  which  heteroauxin  carried  out 
its  action  as  had  also  been  reported  shortly  beforehand  by 
Sutter  (1944)  her  work.  After  our  first  report  (Krdpe- 
lin  1945)  another  paper  by  Koningsberger  (1947)  appeared 
establishing  the  existence  of  a  temporary  total  inhibition 
of  deplasmolysis  on  the  part  of  heteroauxin  10“ »  and  10  w 


2 


in  isolated  protoplasts  of  onion  skins,  lasting  seven  to 
nine  minutes;  this  phenomenon  will  be  dealt  with  further 
later  on  in  this  paper.  Veldstra  ( 19^)4)  also  seized  upon 
this  concept  and  even  identified  the  growth  factors  as  be¬ 
ing  regulators  of  protoplasm  permeability.  Finally,  Pohl 
(19tj-9)  investigated  the  effect  which  growth  factors  have 
on  the  elongation  of  coleoptiles.  He  found  that  the  sudden 
elongation  of  the  cells  requires  an  increase  of  from  four 
to  six  times  in  the  cell’s  suction  tension.  This  increase 
cannot  be  attributed  solely  to  the  release  of  pressure  by 
the  cell  walls,  since  the  latter  amounts  to  only  one-fourth 
to  one-tenth  of  the  cell  suction  tension.  On  the  other 
hand,  it  has  been  brought  to  light,  particularly  in  investi¬ 
gations  by  Ruge,  that  the  suction  tension  of  the  cell  con¬ 
tents  does  not  increase  during  cell  elongation  but  rather 
decreases  considerably.  A  further  factor  must  therefore 
be  responsible  for  the  rapid  water  uptake,  and  the  question 
arose  as  to  whether  an  increase  in  permeability  to  water 
might  not  be  the  cause.  Later  on  several  additional  new 
papers  will  be  dealt  with. 

The  part  which  follows  describes  the  effects  which 
different  growth  stimulants  and  inhibitors  as  well  as  other 
agents  have  on  the  water  permeability  of  protoplasm.  Sup¬ 
plementing  this  work  we  have  also  carried  out  tests  with  KT 
and  Ca+f  ions,  as  had  been  done  earlier  particularly  by 
Fitting  (1915),  Gellhorn  (1930)  and  deHaan  (1935)*  Lastly, 
growth  stimulants  end  inhibitors  were  combined  and  added  in 
the  hope  that  the  results  of  such  experiments  might  enable 
us  to  reach  further  conclusions  as  to  the  manner  in  which 
these  substances  carry  out  their  action. 

II.  Materials  and  Methods  Used 

Preliminary  tests  indicated  that  the  violet  epiderm¬ 
al  cells  of  Rhoeo  discolor  would  prove  most  satisfactory  as 
test  subjects.  Here,  too,  certain  additional  precautionary 
measures  had  to  be  taken  in  order  to  be  able  to  work  with 
material  which  could  readily  be  compared.  The  epidermal 
cells  of  the  middle  third  of  the  leaf  showed  themselves  of 
equal  value  from  the  standpoint  of  osmosis.  The  leaf  tip 
and  base  showed  large  differences  in  osmotic  properties. 

The  epidermal  3t;ipa  were  taken  near  the  median  portion  of 
the  leaf  and  square  surface  cuts  one  to  two  mm.  long  on  one 
side  were  made  with  razor  blade  to  remove  pleoes  as  thin  as 
possible.  Each  such  piece  comprised  about  80  to  130  intaot 
cells.  Test  runs  were  carried  out  only  on  cells  from  the 
same  area  so  the  condition  of  the  protoplasts  could  be 
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generally  considered  as  identical.  Each  run  of  tests  was 
observed  through  a  number  of  microscopes  side  by  side  in  a 
row.  This  ensured  that  the  same  temperatures  and  light  in¬ 
tensities  would  be  present.  These  factors  are  important 
because  in  accordance  with  our  observations,  we  found  that 
differences  or  fluctuations  in  these  factors  cause  the  de- 
plasmo lysis  times  to  change.  Such  times  become  longer  with 
lower  temperatures  and  decreased  illumination,  particularly 
in  the  evening,  while  an  increase  in  temperatures  brings 
about  considerable  acceleration.  These  finding  concord  with 
figures  given  by  Derry  (1930)  who  found  that  plasmolysis 
time  was  shorter  in  Splrogyra  the  higher  the  temperature 
rose.  Since  we  were  unable  to  keep  the  temperature  and 
light  constant  at  all  times  we  averaged  the  figures  of  the 
sixth  to  tenth  test  runs  of  a  single  day  and  registered  the 
results  in  the  tables.  Along  with  the  fluctuations  in  read¬ 
ings  caused  by  light  and  temperature,  we  discovered  also  the 
existence  of  seasonal  and  climatic  effects  (for  example, 
effects  induced  by  stormy  weather).  According  to  Pitting 
(1919)  and  Bdrlund  (1929)  plasmolysis,  itself,  does  not 
bring  about  any  change  in  the  protoplasm  permeability  of 
Rhoeo. 


Mannitol  showed  itself  to  be  preferable  as  a  medium 
for  plasmolysis,  since  the  Rhoeo  protoplast  is  not  perme¬ 
able  to  this  substance.  It  was  found  in  many  endurance 
tests  that  even  after  IfO  hours  duration  in  the  mannitol  sol¬ 
ution,  plasmolysis  failed  to  recede.  A  0.5  molar  solution 
of  mannitol  in  distilled  water  served  as  a  stock  solution. 
Plasmolysis  was  for  the  most  part  carried  out  with  a  0.3 
molar  solution  and  deplasmolysis  with  a  0.2  molar  solution. 
The  individual  concentrations  conformed  to  the  osmotic  pro¬ 
perties  of  the  particular  Rhoeo  epidermis  being  tested. 

This  was  determined  each  time  by  determining  the  limit  of 
plasmolysis,  using  graduated  mannitol  solutions  differing 
from  one  another  in  0.0025  mol  steps. 

In  general  the  work  was  carried  on  with  a  number  of 
tost  runs  simultaneously.  Pure  mannitol  solutions  were 
used  for  the  plasmolysis  and  deplasmolysis  test  runs  on 
controls.  Both  kinds  of  solutions  of  the  agent  to  be  test¬ 
ed  were  U3ed  on  the  experimental  runs,  using  graduated  con- 
t rations.  First  the  cut  out  pieces  remained  for  30  to  60 
minutes  in  covered  glass  containers  in  the  plasmolytic  med¬ 
ium.  Then  they  were  transferred  into  the  deplasmolytic 
medium  using  a  platinum  loop  and  were  bathed  in  it  there 
for  from  two  to  five  minutes  to  remove  any  remaining  plas- 
nolytic  medium.  Subsequently  they  were  placed  on  a  hollow 


ground  slide  with  deplasmoly tic  medium  under  the  microscope 
and  were  left  there  for  one  minute  in  exposed  droplets  be¬ 
fore  starting  the  first  counting.  We  then  put  it  back  in 
the  deplasmolyzing  solution.  This  process  was  then  repeat¬ 
ed  again  at  intervals  of  several  minutes  until  just  before 
total  deplasmolysis  set  in  and  the  counting  was  done  under 
a  cover  glass  supported  by  glass  fragments.  Thus  the  test 
pieces  were  always  fully  washed  and  rinsed,  were  not  cut 
off  from  the  air  and  the  solution  was  protected  against  e- 
vaporation. 

At  first  we  used  the  method  of  evaluation  accoVding 
to  Kaczmarek  (1929),  which  wa3  based  on  earlier  results  ob¬ 
tained  by  Fitting  (191ii)«  In  this  method  of  calculation 
all  the  violet  colls  in  a  single  section  are  counted  and 
the  number  of  plasmolyzed  cells  at  the  present  stage  of  the 
test  is  given  as  a  percentage  of  the  total  number  of  cells. 
Tho  numbers  thoroforo  increase  during  the  course  of  the 
plasmolysis  test  up  to  100,  while  during  deplasmolysis  they 
decrease  until  finally  zero  is  reached,  i.e.,  until  all  the 
membrane's  cells  are  again  in  contact  with  the  membrane. 
Later  we  used  the  more  simple  and  vivid  method  of  calcula¬ 
tion  described  by  dellaan  (1935)*  The  procedure  used  by 
deHaan  consists  in  defining  the  quotient  resulting  from  the 
deplasmolysis  tine  of  the  controls  ■  Tk  and  the  deplasmoly¬ 
sis  time  of  the  test  subjects  -  Tv.  If  Tk  -  Tv,  then  the 
quotient  is  1  and  the  solution  being  tested  has  no  particu¬ 
lar  effect.  The  accelerated  effect  of  a  substance  is  indi¬ 
cated  by  a  quotient  larger  than  1  and  the  retarding  effect 
is  shown  by  a  quotient  smaller  than  1.  The  absolute  times 
of  these  tests  corresponded  to  the  earlier  tests,  i.e.,  the 
deplasmolysis  times  of  the  controls  fluctuated  according  to 
the  temperature  between  about  20  and  I4.O  minutes.  A  lasting 
Inhibition  of  deplasmolysis  is  indicated  In  the  tables  by  a 
dash.  These  are  those  special  cases  in  which  the  proto¬ 
plasts  never  did  return  as  far  as  the  cell  wall  at  all*  A+ 
In  the  tables  means  damage  to  or  destruction  of  the  proto¬ 
plasts. 

III.  Test  Results 


a)  Growth  Factors 

1.  Heteroauxin.  Beta-indolylacetic  acid  manufac¬ 
tured  by  the  Merck  Co. ,  Darmstadt,  Germany,  was  used  for  the 
tests  with  heteroauxin  (abbreviated  HA  in  the  text  which 
follows).  The  substance  was  dissolved  at  q.0°C.,  was  kept 
in  brown  glass  bottles  in  a  cool  place*  The  solutions  were 


used  no  longer  than  three  days  because  they  soon  began  to 
decompose  (pale  pink  coloration).  The  concentrations  of 
HA  given  in  the  table  are  in  gram3  per  milliliter.  Tests 
were  carried  out  between  10"3  (one  part  in  one  thousand) 
and  10“'  (one  part  in  ten  million).  The  10"3  concentration 
brings  about  complete  destruction  of  the  protoplasts  in  a 
short  time,  which  will  be  reported  on  in  greater  detail 
later  on.  It  will  suffice  to  mention  here  the  fact  that 
the  changes  which  were  noted  to  take  place  in  these  tests 
and  in  those  which  followed  were  not  brought  about  by  any 
change  in  pH.  but  represent  specific  effects  in  themselves. 
The  pH  value  was  first  tested  by  Dr.  H8ll  with  the  aid  of 
litmus  paper  having  an  accuracy  of  0.2  pH,  Later  on  we  used 
an  ionization  gauge  with  quinhydrone  elctrodes  and  an  accur¬ 
acy  of  pH  0.1.  The  detailed  results  of  this  investigation 
will  be  reported  in  a  subsequent  paper.  Tables  1  and  2 
3how  the  results  of  plasmolysis  and  deplasmolvsis  tests  us¬ 
ing  the  Kaczmarek  system  of  evaluation.  On  lo  June  194-9 
the  HA  wa3  added  to  the  deplasmolytic  medium  only,  her^o  the 
plasino lytic  medium  did  not  contain  HA.  It  will  be  noted  in 
table  1  that  after  10  minutes  in  fcho  control  solution  up¬ 
wards  of  45$  of  the  cells  were  plasmolyzed  and  after  40  min¬ 
utes  all  the  protoplasts  were  again  in  contact  with  their 
cell  walls,.  Upon  addition  of  HA  one  noted  after  IQ  minutee 
between  10“u-  and  10"?  an  increasing  and  finally  a  very  pow¬ 
erful  inhibition  of  the  entry  of  water*  into  the  cplls.  If 
we  disregard  the  effects  of  concentrations  of  10 "4*  and 
greater,  one  finds  that  such  an  inhibition  is  only  transi¬ 
tory.  With  10"5  it  still  lasts  a  while,  but  at  10“°  and 
10"/,  i.e.,  In  those  concentrations,  moat  significant  from 
a  physiological  standpoint,  there  is  a  sudden  reversal. 

The  water  now  enters  the  cells  so  rapidly  that  at  10  all 
protoplasts  reach  their  cell  walls  after  only  20  minutes 
(compared  with  4®  for  the  controls).  Thijs  shows  that  the 
water  permeability  of  the  protoplasts  greiatly  inoreases 
within  the  range  of  concentrations  of  HA. 
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(a)  Table  2;  (b)  Time  min.;  (c)  Controls;  (d)  Test 
with  heteroauxin;  (e)  Plasraolysis;  (f)  Deplasmolysis; 

(g)  100?£  deplamaolysis  after... 


Table  2  shows  that  these  results  may  be  readily  ob¬ 
tained  consistently  in  subsequent  experiments,  i.e.,  they 
are  readily  reproducible.  In  this  test  run,  the  HA  had  al¬ 
ready  oeen  added  to  the  plasmolytic  agent  beforehand,  ihis 
held  true  with  but  few  exceptions  for  all  subsequent  exper¬ 
iments.  The  time  required  for  deplasmolysis  has  been  some- 
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what  shifted,  whilo,  in  general,  more  time  was  required  to 
achieve  complete  daplasmolysis,  but  here  again,  upon  addi¬ 
tion  of  10”'  HA,  the  deplasmolysis  time  was  only  about  half 
as  long  as  in  the  controls.  The  inhibition  of  deplasmolysis 
at  the  beginning,  which  was  experienced  in  the  earlier  ex¬ 
periments,  is  now  absent.  The  reason  for  this  was  as  men¬ 
tioned  above,  that  the  IIA  had  already  been  added  to  the 
plasmo lytic  agent  beforehand.  In  later  experiments  it  was 
also  found  that  the  initial  inhibition  only  appeared  when 
the  plasnolytic  agent  was  free  of  HA.  Table  2  also  contains 
data  on  plasmolysis.  The  protoplasts  behaved,  alike  up  to 
15  minutes  in  all  solutions  {excepting  HA  10”4) .  In  all 
causes  thore  was  a  gradual  withdrawal  of  the  protoplasts. 

Here,  chon,  the  transitory  inhibition  by  the  HA  did  not  make 
its  appearance.  Very  clearly  distinguishable  differences 
already  make  themselves  apparent  after  15  minutes.  Y/hile 
71#  cf  the  control  ce)l3  have  undergone  plasmolysis,  those 
treated  with  10“6  and  10*7  HA  have  already  all  undergone 
plasmolysis.  This  promotion  of  the  release  of  water  from 
the  cells  thus  corresponds  fully  to  the  intake  of  water 
which  occurred  during  deplasmolysis. 

The  10 "5?  concentration  showed  a  considerably  lowor 
effect  in  prompting  the  fluid  transfer  in  both  sets  of 
tests.  HA  10*4  carries  out  an  entirely  different  behavior 
both  in  plasmolysis  and  deplasmolysis.  In  tue  former  one 
notes  at  the  start  a  very  powerful  inhibition  oi  the  release 
of  water,  but  this  condition  is  only  temoorary,  so  that  100% 
plasmolysis  is  reached  at  the  same  time  as  the  controls. 
There  was  al3o  a  powerful  inhibitory  effect  during  deplas- 
nolysis,  which,  however  continued,  with  the  result  that  raan- 
y  of  the  protoplasts  failed  to  reach  the  cell  walls  even 
after  100  minutes.  During  the  first  set  of  tests  32%  of  the 
cells  remained  permanently  plasmolyzed  and  during  the  sec¬ 
ond  set,  8li#.  Do  fore  going  into  these  phenomena  in  greater 
detail,  the  results  of  the  test  runs  will  be  given  in  keep¬ 
ing  with  the  deHaan  method  of  evaluation.  Table  3  contains 
the  Tk/Tv  quotients  for  different  HA  concentrations.  It  la 
clearly  shown  that  the  deplasmolysis  times  with  HA  10  are 
only  half  as  long  as  those  of  the  controls;  the  average 
value  is  2.Cl^.  The  quotient  at  10“°  shifts  to  1.50  and  at 
10*5  to  1.30.  In  this  area,  then,  the  acceleration  gradu- 
allv  drops  off.  Concentrations  of  10“->  still  destroy* all 
of  the  protoplasts;  at  10*4  tho  same  effect  (+)  does  par¬ 
tially  make  its  appearance,  or  the  protoplasts  were  no  long¬ 
er  able  to  return  to  their  cell  wall*  (*).  Only  in  the 
test*  carried  out  on  10  October  did  deplasmolysis  take  place 
entirely,  accompanied  by  a  powerful  inhibition  of  the  water 
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intaku,  which  expressed  itself  in  a  quotient  of  0.1^1.  Other 
such  tests  in  the  same  month  were  successful  and  are  given 
in  Table  20,  below.  The  figures  own  there  are  0.62,  O.lplp, 
0.70  and  0.53*  The  inhibitions  can  always  be  observed  to 
take  place,  even  when  full  deplasmolysis  takes  place.  We 
were  ablo  to  achieve  this  effect  regularly  only  during  the 
month  of  October  with  a  concentration  of  10 "4,  Apparently, 
then,  the  Rhoeo  protoplasts  are  more  resistant  to  HA  at  this 
season  than  d'urinr  the  summer  months. 

T  .belle  3.  Neieraiuxin.  60 
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(a)  Table  3  Heteroauxin. 


It  follows  from  the  above  that  physiological  concen¬ 
trations  of  10-Q  and,  particularly,  10*77  Increase  perinea  - 
bllityTo  water.  This  effect  drops  off  wTCH~~lncreV3e'Tn~ 
concentration  and  at  10*6  is  only  very  slight.  This  behavi¬ 
or  requires  an  explanation,  as  does  the  transitory  inhibi¬ 
tion  which  occurs  at  the  start  of  deplasmolysis  (Table  1), 
which  was  also  observed  by  Koningsbtrger  (l%-7).  The  phe¬ 
nomena  which  occur  in  the  llT°  HA  solutions  are  at  first 
eight  particularly  difficult  to  understand.  It  i3  our  wish 
to  attempt  to  give  a  unified  explanation  of  the  entire  be¬ 
havior  as  a  whole  m  the  portion  of  this  paper  which  follows, 
1  do  so,  we  deem  It  bes^  to  start  with  the  effects  produced 
by  concentrations  of  10”-'  ar.d  10“H. 

KA  10 “3  causes  the  protoplasts  to  disintegrate.  It 
should  be  noted  that  the  protoplasm  of  other  plants  is  oven 
more  sensitive  to  HA.  While  with  Rhoeo  there  is  still  some 
period  of  time  in  KA  10“3  oofore  the  protoplasts  dissolve, 
all  the  cexls  of  onion  skin  epidermis,  Helodea  leaves  and 
Solvlnla  water  leaves  very  quickly  run  out,  Xssuming  that 
the  manner  in  which  the  protoplasts  are  destroyed  can  en¬ 
able  ono  to  draw  certain  '-oncluslons  about  the  mode  of  ac¬ 
tion  of  KA,  we  studied  the  process  of  destruction  in  Rhoeo 
and  Alli  un  in  greater  detail.  To  this  end  we  first  plasreo- 
lyzecTTfvi  cells  in  L'annitol  without  any  added  HA.  We  then 
observed  such  a  process  taking  place  In  the  deplasmolysis 
which  followed.  After  10  to  15  minute*  the  surface*  of  the 
free  protoplasts  start  to  show  changss  in  both  subject*. 
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’^ith  Allium,  broad  caps  form,  having  a  foamy  structure  (Pig. 
1,  3a).  The  foam  bubbles  soon  become  larger  and  during  the 
following  10  to  1$  minutes  they  flow  into  one  another  (Pig. 
1,  3b).  The  plasmalemma  has  therefore  been  dissolved,  while 
the  tonoplast  still  remains  intact  for  a  while.  After  a 
total  period  of  23  to  25  minutes,  the  tonoplast  finally  al¬ 
so  dissolves  and  the  cell  sap  pours  out  into  the  cell  cavi¬ 
ty.  No  foamy  caps  appear  in  Rhoeo.  In  their  stead,  small, 
light  refracting  droplets  cluster  about  the  outline  of  the 
free  protoplasm  (Pig.  2,  3a) •  During  the  following  5  to  10 
minutes  these  droplets  cluster  about  the  outline  of  the  free 
protoplasm  (Pig.  2,  3b).  Ai*ter  a  total  of  23  to  25  minutes 
there  also  occurs  here  a  step-by-step  dissolution  like  the 
one  that  takes  place  in  Allium,  with  the  droplets  finally 
remaining  free  of  the  cell  wall  (Pig.  2,  3e)» 


The  destruction  of  protoplasts  herein  described  also 
takes  place  in  KA  10~4  when  the  cells  are  in  a  state  of 
heightened  sensitivity.  At  the  same  time  we  found  in  many 
cases  where  no  destruction  took  place  that  rather  the  de- 
plasmolysis  ©uld  no  longer  completely  take  place  so  that 
permanent  plasmolysis  had  occurred.  Two  possible  explana¬ 
tions  can  be  found  for  this.  One  explanation  is  that  of  a  . 
large  increase  in  viscosity.  The  protoplasm’s  resistance 
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to  the  entrance  of  water  would  then  be  overcome  as  long  aa 
the  suction  tension  of  the  cell  was  still  high.  With  swel¬ 
ling  of  the  protoplasts  the  effective  osmotic  pressure  would 
then  decrease  and  the  suction  could  finally  no  longer  over¬ 
come  the  resistance  of  the  protoplasm.  This  operates  -- 
even  if  in  a  different  way  --  just  as  restrictingly  as  cell 
wall  pressure.  Another  explanation  would  consist  in  the 
fact  that  in  this  case,  too,  one  could  already  assume  the 
existence  of  a  certain  degree  of  injury  to  the  protoplasm. 
This  would  allow  osmotic  contents  to  be  released  during  de- 
plasmolysis  and  the  halt  in  deplasmo lysis  would  be  attribu¬ 
table  to  the  isotonicity  already  achieved  with  the  external 
solution.  In  fact,  one  can  achieve  complete  deplasmolysis 
if  the  deplasmolytic  agent  is  further  thinned.  This  fact 
alone,  though,  does  not  enable  one  to  make  any  decision  in 
favor  of  one  or  the  other  of  the  two  possibilities.  We  be¬ 
lieve,  however,  that  the  first  of  the  two  alternatives  sug¬ 
gested  is  correct  since  we  never  saw  any  anthocyanin  issue 
forth;  this  is  all  the  more  so  because,  apparently,  an  in¬ 
crease  in  viscosity  and  the  destruction  of  the  protoplasm 
are  entirely  different  processes.  The  former  is  a  revers¬ 
ible  process,  while  the  latter  involves  irreversible  struc¬ 
tural  changes. 

It  Is  easy  to  understand  that  the  protoplasts  are  not 
destroyed  by  tho  plasmolysis  In  the  10“h*  solution.  During 
plasmolysis,  the  tension  of  the  protoplasm  membrane  decreas¬ 
es,  while  during  deplasmolysis  It  increases,  and  the  proto¬ 
plasts  subjected  to  tension  would  understandably  more  read¬ 
ily  break  down  than  those  released  from  tension.  Further¬ 
more,  the  outwards  flow  of  water  associated  with  plasmoly¬ 
sis  at  first  keeps  the  biocatalyzer  away  from  contact  with 
the  protoplasm  membrane,  while  inward  flow,  on  the  contrary, 
brings  such  biocatalyzers  In  contact  with  the  membrane. 

This  phenomenon  should  be  borne  in  mind  in  all  plasmolysis- 
deplasmolysis  investigations  of  this  kind. 

It  is  more  difficult  to  understand  the  behavior  of 
the  cells  In  the  "physiological”  concentrations  of  10"5  to 
10“'.  We  see  that  the  increase. in  permeability  runs  con¬ 
tra  cy  to  the  concentration  gradient.  A  concentration "o? 

differs  very  little  in  its  effect  from  the  results 
obtained  with  controls,  but  it  would  be  quite  Impossible  to 
assume  that  EA  in  this  concentration  remains  as  good  as  in¬ 
effective. 

The  entire  behavior  becomes  understandable  at  once 
If  one  attributes  a  double  action  to  EA.  It  has  reoently 


12 


become  increasingly  clear  that  HA  only  promotes  growth  when 
it  is  present  in  intimate  association  with  protoplasm. 

This  is  particularly  clear  from  the  works  of  Geiger  and 
Sutter  (19^-3)  and  Sutter  ( 19U^4- )  •  Cucumber  hypocotyls  which 
are  immersed  in  a  10”°  solution  of  HA  will  combine  with 
only  a  limited  portion  of  the  substance  offered  them.  The 
number  of  molecules  which  combine  are  insufficient  by  far 
to  cover  the  entire  surface  area  of  the  protoplasts.  It 
can  therefor©  be  assumed  that  only  specific  sites  of  reac¬ 
tion  are  present  in  protoplasm,  at  which  sites  the  substance 
forms  a  bond.  V/e  may  now  assume  that  only  the  HA  which  has 
formed  a  bond  or  combined  with  the  protoplasm  is  able  to 
increase  water  permeability,  while  the  free  HA  works  against 
the  combined  HA  to  decrease  permeability  and  that  too  high 
a  concentration  of  free  HA  ends  in  destroying  the  proto¬ 
plasm.  The  amount  of  free  HA  in  the  10”4  solution  predomi¬ 
nates  to  such  an  extent  that  it  brings  about  a  condition  of 
powerful  inhibition.  With  a  concentration  of  10“5  the  In¬ 
hibition  becomes  weaker  and  approaches  the  point  where  it 
almost  equals  the  amount  by  which  pemeability  is  promoted, 
achieving  an  almost  equal  balance  or  a  compensating  effect} 
compared  with  controls,  only  a  slight  promotion  or  favoring 
of  water  intake  exists  at  this  point.  With  concentrations 
of  10“°  and  10“7,  the  inhibitory  effect  finally  decreases 
to  such  an  extent  that  only  the  promotional  effect  remains, 
reaching  its  maximum  level.  Such  an  effect  could  be  of  a 
direct  nature,  but  a  large  amount  of  data  speaks  for  the 
fact  that  it  is  of  an  indirect  kind.  One  of  us  (Guttenberg 
19^4-2 )  has  put  forth  In  numerous  papers  the  theory  that  the 
effect  of  HA  is  not  direct,  but  that  it  depends  much  more 
on  the  fact  that  It  frees  the  auxin  combined  with  the  pro¬ 
toplasm  by  displacing  it  and  thereby  activates  It.  This 
process  has  already  been  carried  out  during  the  first  inter¬ 
action  with  protoplasm  by  means  of  a  displacement  process. 
The  permeability  promoting  factor  would  no  longer  then  be 
the  combined  HA,  Itself,  but  rather  the  auxin  2§°®  Note/ 
thus  freed  by  this  process.  This  theory  could  perhaps  also 
explain  the  initial  inhibition  during  deplasmolysis  In  10*5 
to  10“7  solutions  during  the  first  experiment  (Table  1). 

The  added  HA  is  first  free  and  must  consequently  have  the 
effect  of  increasing  viscosity.  Only  after  several  minutes 
when  It  has  gone  into  combination  does  Its  second,  promo¬ 
tional  effect  come  to  bear. 

(^Tote:^  Auxin  is  taken  to  mean  both  here  and  sub¬ 
sequently  that  growth  factor  which  demonstrates  itself  to 
be  acid  resistant.  There  can  hardly  be  any  doubt  that  such 
an  agent  does  exist  since  numerous  authors  have  found  that 
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plant  extracts  which  were  boiled  with  acids  showed  negative 
curvatures  in  the  Avena  test  or  oat  coleoptile  test  and  a 
corresponding  behavior  in  other  tests.  Thus  recently  Avery* 
Berger,  and  White  were  able  to  extract  both  an  acid  resist¬ 
ant  and  a  lye-resistant  growth  stimulant  from  cabbage  vari¬ 
eties,  both  of  which  substances  were  found  to  be  present 
partially  in  a  free  state  and  partially  in  combination. 
Whether  or  not  these  acid  resistant  growth  factors  represent 
auxin  a  and  b  described  by  KBgl  or  not  will  not  be  dealt 
with  here;  as  long  as  these  substances  remain  unavailable 
the  question  cannot  be  resolved  one  way  or  the  other.  When 
the  manuscript  of  this  paper  was  already  finished,  a  paper 
by  Re  inert  (19f>l)  appeared  in  which  HA  was  identified  as 
the  growth  stimulant  for  oat  coleoptile s.  This  agrees  with 
earlier  data  by  Wildman  and  Bonner  (19ifQ)»  In  subsequent 
investigations  we  also  discovered  a  growth  factor  in  ether 
extracts  of  coleoptiles  which  is  destroyed  by  acids  and  pea 
enzymes,  thus  corresponding  to  HA.  It  would  seem, though* 
that  the  extracting  agent  is  of  great  importance  to  the  re¬ 
sults  obtained  from  such  experiments.  We  will  shortly  re¬ 
port  on  tests  in  which  we  obtained  from  the  same  material 
in  one  case  acid  resistant  growth  factors  by  extraction  with 
alcohol  and  in  the  other  case  lye-resistant  growth  factors 
by  extraction  with  ether,  wherein  only  the  second  of  the  two 
substances  wa3  destroyed  by  pea  enzymes.  If  the  acid-resis¬ 
tant  enzymes  have  no  connection  with  Kflgl'3  auxin,  then  a 
new  possibility  presents  itself,  namely,  that  there  are  two 
modifications  of  HA,  one  which  is  acid-resistant  and  mi¬ 
grates  to  the  lower  leaf  base  side  and  the  other  of  which  is 
lye-resistant,  being  diffused  to  the  opposite  pole.) 

Mention  should  also  be  made  of  several  new  papers 
which  appeared  during  the  course  of  our  work.  Above  all  the 
recent  work  of  Koningsberger  is  significant.  He  worked  with 
isolated  Allium-protoplasts  (onion  skin  mesophyll)  and  used 
glucose  as  a  plaamolytic  agent.  He  holds  that  it  is  ^import- 
ant  to  isolate  the  cells,  otherwise  an  absorption  of  the 
biocatalyzers  by  the  cell  membrane  would  keep  these  substan¬ 
ces  away  from  the  plasmalemma.  We  could  raise  the  objection 
that  the  solution  is  available  in  a  sufficiently  large  sur¬ 
plus  to  render  this  possibility  hardly  worth  considering. 

On  the  other  hand  there  is  always  the  danger. that  the  proto¬ 
plasts,  in  being  isolated,  will  be  damaged  and,  finally, 
that  the  use  of  aucha  method  will  never  make  available  any 
more  than  a  few  individual  protoplasts  for  observation. 
Koningsberger,  like  ourselves,  noted  the  existence  of  a  pow¬ 
erful  initial  inhibition  of  deplasmolyaia  when  he  added  HA 
10“®  or  10"7.  Swelling  started  afterwards,  but  it  occurred 


more  slowly  than  in  the  controls.  In  the  end  some  of  the 
protoplasts  were  smaller,  but  others  were  much  larger  than 
those  of  the  controls.  Koningberger,  himself,  spoke  of  his 
results  as  being  of  a  preliminary  nature.  On  the  other 
hand,  the  number  of  cells  which  wars  tested  by  us  was  so 
large  that  we  cannot  have  any  doubt  as  to  the  correctness 
of  our  findings.  In  addition,  the  most  important  fact  to 
Koningsberger  was  the  proof  that  HA  first  affected  the  pro¬ 
toplasm  and  not  the  cell  wall.  In  many  respects  his  own 
thoughts  agree  with  ours.  Brauner  and  Hasman  (1949)  fur¬ 
ther  developed  the  results  of  investigations  carried  out  by 
Reinders  (1942).  They  found  that  slices  of  potatoes  and 
other  tubers  and  turnips  showed  a  clear  increase  in  water, 
intake  when  HA  was  added  in  concentrations  of  10"5  to  10“°. 
This  fact  was  substantiated  by  Commoner  et  al  (194.3),  Over¬ 
book  (1944.)  and  Levitt  (194-8),  in  three  papers  which  unfor¬ 
tunately  are  unavailable  to  us  at  the  moment.  These  authors 
attempted  to  explain  the  water  intake  partially  on  the  basis 
of  an  increase  in  osmotic  substance  associated  with  an  in¬ 
crease  in  respiration.  Lastly,  Levitt  looked  upon  an  in¬ 
crease  in  the  plasticity  of  the  cell  wall  as  a  cause.  In 
contrast,  Brauner  and  Hasman  found  that  HA  10”5  and  10“° 
made  It  easier  for  water  to  enter  the  tissues,  which  Is  en¬ 
tirely  in  agreement  with  the  above  mentioned  investigation 
by  Pohl  (1949). 

2.  Avena  growth  stimulant.  In  our  earlier  tests 
with  Phase plus  joints,  the  dlffusate  from  oat  coleoptile 
tips  produced  the  same  effect  as  HA.  We  now  used  an  extract 
made  up  In  accordance  with  data  provided  by  Moewus  (194-9) 
for  our  plasraolysis  tests.  10  mm.  were  cut  off  from  the 
tips  of  oat  coleoptile s  after  they  had  reached  a  length  of 
4  to  p  cm;  a  hundred  of  these  tips  weighed  about  0.7  grams. 
They  we'*e  then  ground  together  with  10  ml.  of  twice-distil¬ 
led  water,  and  one  drop  of  10#  acetic  acid,  using  a  mortar 
and  pestle.  The  extract  was  kept  at  4°C.  in  the  dark  for 
a  24-hour  period.  We  then  filtered  the  extract  and  7  ml. 
were  thus  obtained.  According  to  Moewus  the  filtrate  thus 
made  up  has  the  same  effectiveness  in  the  cress  root  test 
as  HA  10-6.  We  further  diluted  our. filtrate  so  that  solu¬ 
tions  corresponding  to  HA  10“»,  10““  and  10“9  were  made 
ready.  These  concentrations  are  shown  in  Table  4* 
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Tabollo  4.  Avcna  -  Wuchtaio/IJ^cl ) 


i  111-'  |  to-*  I  10'* 

10.1.50  ^  1.50  !  2,00  !  1,00 

24.  1. 50  I  1,30  i  1,74  1,00 

25.1.50  |  1,20  |  1,50  |  1,00 


(a)  Table  4-  A  vena  Growth  Factor 

As  Is  shown  in  Table  4-*  both  the  10"7  and  10”®  con¬ 
centrations  had  a  favorable  effect  on  deplasmo lysis,  while 
this  effect  disappeared  in  concentrations  of  10”°.  The  max¬ 
imum  effect  was  achieved  at  10“®.  If  one  compares  these 
findings  with  the  IIA  tests  (table  3)»  then  one  will  see 
that  the  comparable  concentrations  which  had  previously  been 
calculated  as  equivalent  to  10"°  and  10”7  HA,  are  actually 
more  nearly  equivalent  to  10”?  and  10”®HA,  respectively. 
Apparently  our  filtrate  was  more  concentrated  than  that  pre¬ 
pared  by  Moewus  and  it  must  have,  in  fact,  corresponded  to 
an  HA  concentration  of  10”b.  The  fact  that  coleoptile  tip 
extracts  do  aot  always  have  the  same  concentration  of  growth 
factors  was  also  brought  out  later  on  as  is  shown  in  Table 
22.  In  this  case  the  relationship  between  Tk/Tv  at  concen¬ 
trations  of  10"7  averaged  l.l^j  at  10”8,  though,  it  was 
I.4.7.  This  corresponds  roughly  to  the  HA  concentrations 
of  10*5  end  10“®  in  Table  3,  respectively. 

Natural  growth  fretors  obtained  directly  from  plants, 
therefore  clearly  accelerate  the  deolasmolyala  rate  when  ap¬ 
plied  in  physiologically  effective  dilutions,  thereby  in¬ 
creasing  water  permeability* 

Also  in  the  application  of  Ayena  growth  factors  we 
came  across  the  fact  that  the  effectiveness  increases  as  the 
concentration  diminishes.  Hus  relationship  has  already 
been  known  to  exist  for  many  biocatalycers  but  to  date  it 
has  not  been  subjected  to  sufficient  analysis.  Here,  too, 
one  comes  closer  to  the  truth  if  one  assumes  that  the  sub¬ 
stance  has  an  inhibiting  effect  along  with  its  promoting 
effect,  in  order  that  it  may  oarry  out  its  promoting  ac-* 
tion,  molecular  bonds  must  apparently  be  present  at  specific 
sites  in  the  protoplasm.  As  long  as  these  sites  are  occu¬ 
pied,  the  excess  of  aotlve  material  has  an  inhibiting  effect 


at  some  other  site.  We  were  never  able  to  observe  the  pre¬ 
sence  of  any  absolute  inhibition  utilizing  Avena  growth 
factors.  This  though,  would  only  be  attributable  to  the 
fact  that  the  high  concentrations  required  to  do  so  could 
not  be  produced. 


3.  Phenylacetic  Acid.  Among  the  well-known  syn¬ 
thetic  growth  promoting  agents,  we  unfortunately  had  only 
phenylacetic  acid  available  to  us.  It  is  soluble  in  water 
in  concentrations  of  10*2,  As  is  shown  in  Table  5,  diluting 
it  to  10-5  clearly  brings  about  an  acceleration  of  deplas- 
molysis.  At  this  point  it  reaches  a  maximum  and  its  poten¬ 
cy  corresppnds  approximately  to  HA  10"®.  In  further  dilu¬ 
tion,  (10"°,  10“7)  phenylacetic  acid  remains  without  any 
effect.  It  alsp  seems  to  lose  its  effectiveness  in  concen¬ 
trations  of  10”^,  though  it  should  again  be  assumed  that 
here,  too,  two  different  processes  are  compensating  for  one 
another,  namely  one  a  growth  promoting  and  the  other  a 
growth  inhibiting  action.  Hence,  the  next  step  to  10-3  al¬ 
ready  shows  a  clear  inhibition  of  water  intake.  In  concen¬ 
trations  of  10”2  the  protoplasts  are  already  destroyed  with¬ 
in  two  minutes.  The  cell  sap  becomes  pink  and  runs  out. 


The  behavior  of  the  10“3  concentration  needs  to  be 
described  in  still  fuller  detail.  There  is  already  a  dif¬ 
ference  compared  with  the  controls  even  during  plasmolysis , 
It  is  true  that  plasmolysis  starts  at  the  same  time  as  it 
does  in  the  controls,  but  it  takes  place  at  a  faster  rate, 
which  did  not  occur  with  the  other  concentrations.  Soon 
afterwards  it  comes  to  a  stop  and  1 5  to  20  minutes  later 
the  protoplasts  dissolve,  going  through  the  same  processes 
as  described  for  HA  10-5.  In  order  to  be  able  to  study  the 
deplasmolysi s,  we  plasmolyzed  the  piece  cut  out  from  the 
leaf  without  any  phenylacetic  acid  at  first  and  placed  it 
In  the  deplasmolyzing  agent.  Here,  too,  the  majority  of 
the  protoplasts  was  destroyed,  but  in  several  cases  we  were 
able  to  observe  an  inhibition  of  deplasmolysi s  lasting  10 
to  20  minutes.  This  inhibition  is  shown  in  Table, 5. 


Tftbell*  3.  MoybMVrfOT.0/) 


10- 

10- 

w- 

i  *•- 

10- 

2*.  h. 

051 

1.01 

1.47 

t  1.00 

uoo 

JO,  ti.  -Ill 

070 

1.00 

1.44 

IJOO 

1.00 

».  o.  iO 

051 

1.00 

1,80 

1.00 

1,00 

(a)  Table  5  Phenylacetic  Acid 


Within  the  next  3  to  $  alnutea,  the 


protoplasts 
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expanded  with  groat  speed  and  they  always  burst  upon  impact 
with  the  cell  wall.  Apparently,  then,  after  10  to  20  min¬ 
utes  the  same  danagg  was  achieved  as  occurred  immediately 
ur.on  use  of  the  10"^  ha  solution. 

In  using  the  Went  Avena  test,  no  curvature  was  ob¬ 
tained  in  agar  using  10 "3  and 1Q"^  phenylacetic  acid  solu¬ 
tions,  whereas  with  10“5  to  10”'  solutions,  negative  curva¬ 
tures  appeared  after  lg  to  2  hours.  The  absence  of  curva¬ 
tures  at  10“3  and  10”4-  may  be  pointed  to  as  the  results  of 
compensatory  effects.  These  concentrations  should  have  led 
to  a  positive  curvature  in  test  plants  free  of  growth  fac¬ 
tors,  but  since  the  coleoptiles,  themselves,  contained 
growth  promoting  substances,  the  effects  could  have  canceled 
each  other  out.  The  fact  that  even  concentrations  of  10“° 
and  10” f  still  gave  negative  angles  may  be  explained,  per¬ 
haps,  by  the  fact  that,  even  though  these  concentrations 
•were  ineffective  during  plasmolysis,  their  application  had 
the  effect  of  summation  Instead  of  a  counteracting  effect. 

It  is  also  possible,  too,  that  the  coleoptiles  are  more  sen¬ 
sitive  to  phenylacetic  acid  than  are  the  Rhoeo  protoplasts. 
Further  confirmation  is  given  by  the  fact"  that  maximum 
growth ^promotion  in  the  Avena  test  was  also  found  to  occur 
at  10-5.  - 

If.  Colchicine.  The  effects  of  treatment  with 
colchicine  resemble  many  of  those  induced  by  treatment  with 
EA.  Thus  the  appearance  of  club-3haped  roots  has  already 
been  known  for  a  long  time.  According  to  Mairold  (19lf3)» 
colchicine  has  an  Inhibiting  effect  on  the  growth  of  lupine 
roots  in  concentrations  of  about  10“3  to  5>  x  10-4-,  while  In 
greater  dilution  (lO”-*)-  it  h«*s  a  growth-promoting  action. 
More  important  for  our  study,  though,  is  the  fact  that  Kai- 
rold,  in  working  with  Allium  and  Splrogyra,  discovered  a 
shortening  of  plasmolysis  time  after  preliminary  treatment 
with  O.lfjC  colchicine,  luissenbffck  (1950)  noted  a  sharp  re¬ 
duction  in  plasmolysis  aid  deplaemo lysis  times  In  the  sto- 
aate  mother  cells  of  cotyledons  treated  by  him  with  colchi¬ 
cine.  Be  attributed  this  effect  to  a  decrease  in.  viscosity* 

TtfeB •  «.  OMdei*.(a) 


(a)  Table  6  Colchicine 
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As  Is  svown  by  Table  6,  colchicine  affects  water  per¬ 
meability  of  prptoplasm  just  as  growth  factors  do.  "Concen¬ 
trations  of  10*4  to  10~6  increasingly  accelerate  deplasmol- 
ysis,  while  10-3  brings  about  a  definite  inhibition  and  10“7 
remains  without  any  effect  whatever.  Here,  too,  then,  two 
counteracting  processes  would  seem  to  be  present,  one  of 
which  perhaps  consists  in  the  activation  of  auxins.  Our 
findings  therefore  agree  quite  well  with  the  results  obtain¬ 
ed  by  lialrold.  Reese  (1950)  noted  an  optimum  stimulation 
of  longitudinal  growth  of  hyppcotyls  ( Lepldlum,  Petroselln- 
un)  in  a  concentration  of  10~4;  on  the  contrary, colchicine 
15-2  ha3  an  inhibiting  effect,  as  does  10“3  to  some  extent 
on  these  subjects.  Thus  far  his  results  agree  both  with 
those  of  I.'airold  and  our  own.  Unlike  Mairold,  though,  Reese 
also  found  that  both  low  and  high  concentrations  (0.01/6) 
stimulated  root  growth;  nor-  was  he  able  to  bring  about  any 
curvature  with  colchicine,  neither  by  using  the  Avena  test, 
nor  in  Hellanthus  seedlings.  He  concludes  from  HhTsT* that 
colchicine  could  have  a  final  result  similar  to  that  of 
growth-promoting  agents,  but  that  3uch  an  effect  would  be 
brought  about  in  an  entirely  different  way.  According  to 
his  results  one  could  not  even  consider  the  possibility  of 
any  activation  of  auxins  on  the  part  of  colchicine.  Only 
further  investigations  can  finally  decide  whether  his  in¬ 
terpretation  is  correct  or  not. 

5.  vitamin  C.  Raadts  ( 19M-9)  observed  that  Vita¬ 
min  C  in  concent  rat  Ion's  of  10*5  to  10*7  has  a  growth-pro¬ 
moting  effect  on  colaoptiles;  he  attributes  this  to  its  ac¬ 
tivation  of  auxin.  We  tested  the  effect  which  this  vitamin 
had  on  water  permeability,  first  using  a  sea  buckthorn  berry 
or  sallow  thorn  berry  (Hlpnopha?  rhamnoldes)  extract,  which 
we  orepared  in  accordance  with  instructions  given  by  Koewus 
(1949)*  15  grams  of  ripe  berries  were  crushed  with  mortar 

and  pestle  in  15  ml.  of  distilled  water  together  with  clean 
sand.  After  removal  by  suction,  20  ml.  of  filtrate  were 
obtained,  representing  the  starting  solution.  Upon  dilution 
in  a  10:1  ratio,  the  concentrations  shown  in  Table  7  were 
obtained.  As  one  can  see,  the  extract  diluted  to  10~i  used 
in  the  testa  partially  destroys  the  protoplasts  (+)  and  par¬ 
tially  prevents  a  complete  return  from  plasmolysis  (-)•  The 
protoplasts  underwent  marked  changes.  They  showed  abnormal 
contours  and  they  behaved  like  those  in  HA  10*^  when  being 
de3troyc  t.  The  10*2  concentration  brings  about  a  consider¬ 
able  delay  in  the  return  of  the  protoplasm,  while  deplasmol- 
ysis  is,  instead,  promoted  by  10*3  to  10*5  concentrations, 
reaching  a  maximum  at  10*4-,  The  effect  disappears  with 
10*6. 
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(a)  Table  7  Sea  Buckthorn  Berry  Extract 


The  high  ascorbic  acid  content  of  sea  buckthorn  ber¬ 
ries  makes  it  probable  that  ascorbic  acid  is  the  agent  re-, 
sponsible  for  the  above  described  effect.  On  the  strength 
of  this  wa  proceeded  to  work  with  pure  vitamin  C.  As  a 
starting  solution  we  chose  0.1N  ascorbic  acid,  since  this 
solution  had  the  sane  pH  as  the  sea  buckthorn  berry  extract. 
The  starting  solution  thus  contained  a  concentration  of 
1.76  x  10“2  ;  the  l/lO  dilution  of  this  solution  was  made  up 
as  usual,  so  the  first  step  in  dilution  gave  an  ascorbic 
acid  content  of  about  10“3  grams  per  ml. 

This  concentration  destroyed  most  protoplasts  after 
only  2  to  Ip  minutes;  the  cell  sap  ran  out.  10“5  to  10*7 
concentrations  promoted  deplasmolysis,  the  maximum  being  in 
the  vicinity  of  10-5,  10“4  and  10“°  showed  results  similar 

to  those  observed  in  the  controls  (Table  8).  One  must  a- 
gain  assume  that  two  effects  are  taking  place  at  10-4,  one 
promoting  and  the  other  inhibiting,  which  compensate  each 
other,  while  at  10-°  no  effect  takes  place  because  of  too 
great  a  dilution. 
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(a)  Table  Q  Vitamin  C 


If  wo  compare  the  sea  buckthorn  berry  extract  with 
the  pure  vitamin  C,  then  the  extract  concentrations  of  10"4 
and  10“5  would  correspond  approximately  to  vitamin  C  con¬ 
centrations  of  10“5  and  1Q-^,  respectively.  The  extract 
theroforo  works  mors  weakly  than  the  vitamin  concentrations 
employed,  which  is  also  brought  out  by  the  fact  that  in  con¬ 
centrations  of  10-1  of  the  former  the  protoplasts  are  not 
always  destroyed.  It  is  however  also  possible  that  the  sea 
buckthorn  berry  extract  oontains  an  additional  inhibiting 
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material,  which  appears  as  an  antagonist  to  ascorbic  acid 
and  minimizes  its  deleterious  effects.  This  would  also  ex¬ 
plain  the  fact  that  10“2  concentrations  of  the  extract  have 
an  inhibiting  offect,  which  is  absent  in  the  pure  solution. 
Neither  can  tne  effect  of  using  ascorbic  acid  be  explained 
by  fluctuations  in  pH,  because  the  pH  changes  only  very 
lit, tie  over  the  range  of  the  effective  concentrations, 

10“*  to  10“?. 

Our  results  compare  well  with  the  results  of  Raadts 
( 1914.9 ) ,  sinco  tiie  coleoptiles  investigated  by  him  were  aid¬ 
ed  in  growth  by  10“5  to  10“?  concentrations  which  in¬ 

duced  an  increase  in  water  intake,  whereas  in  our  tests  the 
effect  finally  dropped  off.  Ra^dts  observed  a  growth  pro¬ 
motional  effect  during  only  the  first  2#  hours.  After  five 
hours  an  inhibitory  effect  set  in  which  remained  unchanged 
for  a  long  timo  thereafter. 

b)  Growth  Inhibitors. 

1.  Counarin.  Beldstra  and  Havinga  (19lp3)  found 
in  tests  carried  out  on  cress  seeds  that  coumarin  is  a  spe¬ 
cific  growth  inhibiting  agent  having  blastocholip-type  pro¬ 
perties.  Sven  in  a  concentration  of  10”3  to  10~4-  coumarin 
rravented  these  sesds  entirely  from  germinating.  About  the 
same  time  Kuhn  and  'erchel  (19ip3)  showed  that  this  substance 
surprosses  germination  of  the  pollen  tubes  of  Ant I r rh innm 
rrajus  and  that  it  inhibits  reproduction  of  ce rt al n  bn cteri a 
ana  yeast. 3.  Finally,  Moewus  (19ip9)  found  that  counarin  al¬ 
so  inhibits  the  longitudinal  growth  or  elongation  of  cress 
roots  within  the  range  of  concentrations  between  10”3  and 
10“c  grams  per  ml.  With  the  aid  of  tha  paste  method  Kouwus 
also  demonstrated  inhibition  of  oat  coleoptiles;  on  apply¬ 
ing  concentrations  of  10”3  the  coleoptiles  underwent  posi¬ 
tive  nastic  movements. 

Those  results  led  us  to  test  tne  effect  of  coumarin 
on  water  permeability  with  the  aid  of  our  method.  We  car¬ 
ried  out  the  test3  as  before  in  our  oarlier  testa,  i.e.,  we 
added  the  counarin  to  mannitol  solutions  in  a  series  of  dif¬ 
ferent  concentrations.  Nothing  more  need  be  said  aooutx  be  - 
havic  r  of  the  specimens  during  plasmoly3i3  since  they  reac¬ 
ted  in  the  tost  solutions  in  the  snme  way  as  in  the  control 
solutions.  Upon  deplasmolysi s ,  however,  a  ^neral  permea¬ 
bility  inhibiting  action  appeared  as  shown  in  Table  9«  Af¬ 
ter  $  minutes  the  inhibition  of  water  intake  ia  very  exten- 
aive.  While  in  the  control  cella  only  half  of  the  cella 
remain  plaamolyzed,  80?»  to  of  thoae  in  the  coumarin 
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solution  are  still  plasmolyzed.  With  further  passage  of 
time  it  is  found  that  in  couraarin  10“3  the  great  majority 
of  protoplasts  still  have  not  reached  the  cell  wall  even 
after  100  minutes,  so  that  one  might  well,  say  that  perma¬ 
nent  plasmolysis  had  set  in.  Sven  in  10“'A  concentrations 
it  is  a  long  time  before  all  cells  have  been  deplasmolyzed* 
While  all  control  cells  have  been  deplasmolyzed  after  37 
minutes,  I4.0#  of  the  cells  treated  with  coumarin  still  re¬ 
main  plasmolyzed.  The  water  intake  occurs  somewhat  faster 
in  10"5  coumarin  solution.  As  can  be  seen,  the  range  of 
concentrations  over  which  water  permeability  decreases 
compares  approximately  with  that  noted  by  the  other  auth¬ 
ors  mentioned  earlier  in  tests  carried  out  by  them. 
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further  tests  wherein  the  Tk/Tv  ration  (deplasmoly¬ 
sis  time  of  controls  divided  by  deplasmolysis  time  of  test 
subjects)  was  tested  for  gave  the  results  shown  in  Table 
10.  Tne  delay  in  deplasmolysis  in  coumarin  10“’ 3  was  very 
large  here.  Nevertheless,  all  of  the  protoplasts  finally 
returned  to  their  cell  walls  except  in  the  tests  carried 
out  on  10  June.  Here,  too,  the  inhibition  in  10“^  was 
much  more  marked  than  in  10"5  and  in  certain  cases  there 
was  no  inhibition  at  all  in  10“5;  it  was  absent  in  all 
cases  on  using  10  eoncentraiona. 
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(a)  Table  10  Coumarin 


A  very  marked  difference  from  HA  and  the  other 
growth  promoting  substances  consists  in  the  fact  that  no 
reversal  of  effect  takes  place  at  any  concentration  and 
that  the  inhibitory  effect  increases  with  increasing  con¬ 
centration.  Coumarin  therefore  always  carries  out  an  in¬ 
hibiting  effect.  It  would  seem  that  this  substance  brings 
about  an  increase  in  viscosity  the  degree  of  which  depends 
on  the  concentration  which,  in  the  end,  upon  being  too 
greatly  diluted,  iails  to  take  effect.  If  perniaraent  plaa- 
molysis  set  in  during  the  first  run  of  tests  in  the  10*3 
solution,  this  can  readily  be  explained  in  the  same  way  as 
the  permanent  plasmolysis  on  the  occasion  of  the  testa  in 
HA  10*4. 

If  coumarin  inhibits  elongation,  then,  it  can  be 
understood  that  the  intake  of  water  into  the  cells,  which 
is  necessary  of  this  process,  is  inhibited.  On  application 
to  one  side  as  in  the  coleoptile  experiment  by  Moewus,  a 
positive  nastic  movement  must  take  place  because  the  side 
thus  treated  takes  up  less  water  into  its  cells  than  the 
untreated  side.  Coumarin  undoubtedly  operates  directly  on 
the  protoplasm  and  not  by  way  of  ax.y  deactivation  of  aux- 
ins.  It  represents  an  independently  acting  antagonist  as 
is  brought  out  in  the  compensation  c~ts  mentioned  later 
in  this  paper.  Upon  examining  the  results  of  Moewus  one 
further  finds  that  coumarin  10“3  inhibits  the  growth  of 
both  roots  and  coleoptiles.  On  the  other  hand,  in  the  case 
of  auxin,  it  is  known  that  concentrations  which  Inhibit 
root  growth  (approx.  10"°  HA),  promote  the  growth  of  cole¬ 
optiles.  Our  observation  that  coumarin  inhibits  in  all 
concentrations  renders  the  results  of  Moewus  understandable. 
If  auxin  were  deactivated  by  coumarin,  then  one  would  ex¬ 
pect  to  find  an  acceleration  of  root  growth;  the  fact  that 
this  does  not  occur  is  a  further  proof  of  the  direct  aotlon 
exercised  by  this  substance. 

2.  Tomato  Extract.  According  to  Larsen  (1939) 


tomatoes  contain  various  germination  and  growth  inhibiting 
substances.  This  led  us  to  investigate  whether  these  sub¬ 
stances  modify  deplasmolysis  rates.  Larsen  had  prepared 
ether  extracts  from  tomato  juice,  evaporating  it  until 
almost  dry.  The  resulting  dark-red,  greasy  feeling  mass 
was  taken  up  by  him  in  lanolin  and  he  tested  this  paste 
on  oat  coleoptiles;  using  this  he  obtained  positive  nast- 
1c  movements  or  curvatures.  We  needed  a  water  solution 
for  our  plasmolysis  investigations;  though.  We  therefore 
triturated  100  grams  of  ripe  t  CIuCL  o  Oww  lil  50  ml.  of  dis¬ 
tilled  water  and  drew  the  extract  off  through  a  .action 
filter  21*.  hours  later.  The  filtrate  thus  obtained  was 
concentrated  to  10  ml,  and  was  used  as  our  starting  solu¬ 
tion.  ^he  10"A  dilution  (Table  11)  brought  about  a  very 
clear  inhibition  of  water  intake.  With  a  10"2  dilution 
there  was  already  a  sharp  reduction  in  its  action  since 
an  inhibiting  action  was  observed  to  take  place  in  only 
one  test  run;  10”2  had  no  effect.  The  tomato  extract 
therefore  contains  a  water  permeability  reducing  inhibitor 
which  is  apparently  effective  only  in  relatively  high  con¬ 
centration. 
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(a)  Table  11  Tomato  Extract 


According  to  Akkerman  and  Veldstra  ( 19l|7 )  tomatoes 
contain  inhibiting  ferulic  and  caffeic  acids.  We  were 
able  to  confirm  this,  but  vie  discovered  further  non-acid 
inhibitors,  which,  unlike  ferulic  and  caffeic  acids,  in¬ 
hibit  the  development  of  staphylococci. 

3*  U-hydroxycoumarin.  This  chemical,  so  kindly 
made  available  to  us  by  tteideTEerg,  works  as  an  inhibitor 
in  the  cress  root  test  according  to  Moewus  (1949)*  Our 
starting  solution  made  with  warm  water  represented  a  dilu¬ 
tion  of  10“3.  This  concentration  completely  inhibits  de¬ 
plasmolysis  (permanent  plasmolysis)  or  destroys  the  proto¬ 
plasts.  The  lO-H*  and  10"-5  dilutions  slow  down  the  water 
Intake  with  decreasing  effectiveness  and  the  effect  dis¬ 
appears  with  10’°  (Table  12).  The  inhibiting  effect  of 
this  substance  during  the  cress  root  test  takes  place  over 
the  same  range  of  concentrations  according  to  Moewus. 
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o,4C 

0,80 

1,00 

-r 

0,33 

0,70 

0,90 

0.3  -> 

0,71 

u,98 

(a)  Table  12  4--fcydroxycoumarin 


4..  Perullc  Acid.  We  also  obtained  the  f  erulic 
acid  from  Heidelberg.  It  is  found  in  Ferula  Asafoetlda 
and  in  various  conifers,  as  well  as  in  other  substances. 
We  prepared  a  10“3  starting  solution  by  warming  it  in 
K-ter.  This  concentration  (Table  13)  shows  a  very  power¬ 
ful  inhibiting  effect,  while  10“'+  has  a  weaker, inhibiting 
effect.  The  effect  disappears  at  10“5  and  10“fe,  Ferulic 
acid  therefore  demonstrates  itself  to  be  a  typical  in¬ 
hibitor  in  deplasmolysis  tests* 


Tabclio  13.  Feruiaaiiurc.CS  ) 


10  •» 

10- 

10-, 

10- 

20. 1.. 

0. 

1  0,69  ‘ 

1  00 

1,00 

23.  i 

0,ib  1 

0,76  | 

1,00 

23.  li.-Iii 

0.4- 

0,77 

■  M  ■ 

1,00 

(a)  Table  13  Ferulic  Acid 


5,  Parasorbic  acid.  Parasorbic  acid  is  taken 
from  rowanberries . and  has  an "inhibiting  affect  on  the  ger¬ 

mination  of  the  seeds.  In  addition  it  also  inhibits  elon¬ 
gation  or  longitudinal  growth.  Applied  as  a  paste  in  a 
concentration  of  10“3  it  induces  positive  nastlc  movements 
in  oat  coleoptiles  according  to  Moewus  (194-9). 

To  prepare  a  stock  solution,  one  par$  parasorbic 
acid  was  dissolved  in  10  parts  water  (=  10’*’*)  •  We  obtain¬ 
ed  the  acid  through  the  kindness  of  Dr.  Moewus  from  the 
chemical  stock  of  the  Max  Planck  Institute  for  Medical 
Research  in  Heidelberg  and  we  wish  again  at  this  point  to 
express  our  sincere  thanks  to  him  for  his  assistance. 

As  can  be  seen  from  Table  14.,  parasorbic  acid  also 
works  a3  a  typical  inhibiting  agent  in  deplasmolysis  tests. 
In  concentrations  of  10”2  it  destroys  the  protoplasts  even 
during  plasmolysls  after  20  to  25  minutes.  First  of  all 
small  bubbles  formed  on  the  sharply  contoured  protoplast 


-25 


edge  (  Pig.  2,  2).  After  20  to  2$  minutes  have  elapsed 
the  protoplast  suddenly  bursts.  In  order  to  carry  out 
studies  of  deplasmolysis ,  then,  the  leaf  cuttings  had  first 
to  be  plasmolyzed  without  the  addition  of  any  paraaortic 
acid.  On  transferring  such  leaf  sections  into  the  deplas- 
Biolysis  medium  containing  10”z  parasorbic  acid,  the  proto¬ 
plasts  burst  in  any  case  after  from  1  to  10  minutes. 


Tabollo  14.  Paitttorbinsiivre.  /  't ,) 

10-*  io-*  io-‘  j  10-* 


11.11.40 

-1-  . 

1  0,25 

0,75 

1,00 

14.11.40 

+ 

0,31 

0,78 

0,98 

IT.  11.40 

+ 

0,31 

0,76 

0,90 

(a)  Table  Hi  Parasorbic  Acid 


This  destruction  was  Investigated  in  detail  in  Alii- 
urn  and  Rhoeo  cells  and  was  drawn  (Pig.  1,  2  and  2,  2). 

Both  subjects  begin  to  gather  the  bubbles  mentioned  above 
along  the  edge  of  the  protoplast  2  to  3  minutes  after  the 
start  of  deplasmolysis.  Compared  with  the  small,  round 
microsomes  visible  during  normal  deplasmolysis,  these  are 
very  much  enlarged,  increased  in  number  and  flattened  in 
shape.  The  formation  of  caps  noted  in  10*3  HA  with  Allium 
is  entirely  absent.  In  both  subjects  the  bursting  takes  ~ 
place  at  a  limited  site  of  the  protoplast,  in  that  an  open¬ 
ing  appears  at  the  vertex  of  the  protoplasm  swelling  where 
the  cell  sap  runs  out;  the  tonoplast  then  slowly  collapses 
upon  itself.  The  process  of  destruction  is  thus  entirely 
different  from  that  undergone  in  HA,  One  gains  the  im¬ 
pression  that  all  in  all  we  are  not  dealing  here  with  any 
dissolution  of  the  protoplasm  as  ocours  in  HA,  but  rather 
with  an  Increase  in  viscosity  which  greatly  decreases  the 
elastic  flexibility  of  the  protoplasm  membrane.  As  already 
mentioned,  the  destruction  occurs  much  more  rapidly  during 
deplasmolysis  than  during  plasmolysla.  This  can  readily 
be  explained  by  the  fact  that  entering  water  increases  the 
tension  of  the  protoplasts,  while  the  removal  of  water  in¬ 
to  the  plasmolysis  medium  decreases  the  tension. 

The  10"3  and  10"^  concentrations  have  a  very  power¬ 
ful  Inhibiting  action,  while  10*3  remains  almost  without 
any  effect  at  all.  These  results  correspond  well  with 
those  obtained  by  Moewus  (1949)  on  the  effeot  of  parasor- 
blo  acid  on  the  growth  of  cress  roots.  There,  too,  with 
the  10*5  concentration  the  effeot  disappears!  on  the  other 
hand  10“z  brings  about  a  complete  inhibition  of  growth. 
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Further  tests  were  carried  out  with  mountain  ash 
berry  extract.  This  extract  was  prepared  in  the  same  way 
as  the  sea  buckthorn  extract  and  gave  the  results  shown  in 
Table  1$. 


Tabcllc  13.  Elcreaditntzlrakt 

/  ,  > 

10 

io-» 

io-> 

io-* 

27.  0. 49 

0,61 

0,72 

i 

1,00 

30.  9.40 

0,03 

0,70 

1.00 

1.  10.49 

— 

0,62 

0,71 

i  1,00 

(a)  Table  15  Mountain  Ash  Berry  Extract 


In  dilutions  of  10"^-  we  obtained  in  all  cases  per¬ 
manent  plasmolysis,  but  never  destruction  of  the  proto¬ 
plasm.  Presumably  here,  too,  additional  substances  pre¬ 
sent  in  the  extract  work  in  antagonism  and  hence  protect 
the  protoplasts  as  in  the  case  of  the  sea  buckthorn  ex¬ 
tract.  In  comparing  Table  Uj.  with  Table  15»  one  should 
note  the  fact  that  in  the  former  the  concentrations  are 
given  in  grams  per  milliliter,  while  the  figures  in  the 
latter  represent  only  the  dilution  of  the  Juices;  the 
figures,  therefore,  cannot  be  used  for  direct  comparisons. 

4  6.  Ethyleno.  As  is  known  from  numerous  inves¬ 

tigations,  ethyleno  exercises  highly  diversified  effects 
on  the  growth  and  development  of  plants.  Investigations 
of  germination  and  gemmation  (seeds,  leaf  buds,  potatoes, 
etc:)  with  ethylene  were  observed  producing  for  the  most 
part  a  growth  stimulating  effect,  but  under  certain  cir¬ 
cumstances,  an  inhibiting  effect  was  produced,  depending 
on  concentration  and  duration  of  action.  Elongation  on 
the  other  hand  vas  always  more  or  less  inhibited,  but  the 
degree  of  inhibition  depended  less  on  the  dosage  of  ethy¬ 
lene  applied  than  on  the  plant's  sensitivity  to  this  sub¬ 
stance.  Thus,  for  example,  the  budding  shoots  of  legumene 
and  crucifers  are  very  powerfully  inhibited,  while  Hellan- 
thus  hypocotyls  are  less  inhibited  and  ooleoptiles  least 
of  all.  Ethylene's  effect  is  undoubtedly  the  result  of  a 
complex  process  also  because  among  other  things  it  very 
powerfully  affects  respiration.  Von  Guttenberg  and  Steln- 
mets  (1947)  recently  found  that  ethylene  deactivates  auxin 
(but  not  EA),  since  it  brings  about  an  irreversible  block¬ 
ing  of  this  substance.  Earlier  Von  Guttenberg  had  expres¬ 
sed  the  opinion  (1936)  that  even  the  suppression  of  geo- 
tropism  occurring  in  the  so-called  horlsontal  nutation  de¬ 
pends  on  a  loss  of  auxin.  The  striking  thlokening  of  the 
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bud  aprouts  wo.M  be  explained  if  one  assumed  that  inhibit¬ 
ors  bonded  locally  up  to  that  time  would  be  liberated  by 
increased  perr  aaMlity.  In  fact,  the  amount  of  inhibitors 
contained  in  those  sprouts  whichieact  sensitively  to  ethy¬ 
lene  (for  example  legumens)is  great,  while  it  is  very  small 
in  the  coleoptiles  which  react  hardly  at  all,  while  in  Heli- 
anthus  it  is  intermediate  in  amount*  It  seemed  to  us  that 
an  "investigation  of  the  question  of  water  permeability 
might  aid  in  further  olarifying  the  question  of  the  effect 
of  ethylene* 

The  starting  solution  was  prepared  in  accordance 
with  Ruga’s  instructions  (1914-7)  as  follows:  Coal  gas 
containing  ethylene  was  slowly  fed  through  100  ml.  of  tap 
water  at  17^C.  for  30  minutes.  This  solution  was  consid¬ 
ered  as  being  saturated  and  accordingly  it  contained 
0.0158  grams  of  ethylene  according. to  Landolt-BBrastein. 
Concentrations  of  from  10“*  to  10“°  were  then  prepared  by 
farther  dilutions.  According  to  Ruge,  ethylene  is  the  on¬ 
ly  physiologically  active  component  of  ooal  gas.  The  con¬ 
centrations  show,  in  Table  16  are  those  corresponding  dir¬ 
ectly  with  those  of  Ruge.  In  reality  our  lO"*1  solution 
corresponds  to  an  absolute  concentration  of  1.58  x  10“5 
grams  per  milliliter. 


Tabcllo  13.  Atkylti 
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10.40 

1.32 

2.04 

2,20 

2.03  1 

1,00 

(a)  Table  16  Ethylene 


As  is  shown  in  Table  16,  ethylene  has  the  effect  of 
increasing  permeability  in  all  the  concentrations  tested, 
with  maximum  effectiveness  occurring  in  the  neighborhood  c 
of  10“?  to  10“^.  Only  on  reaching  a  concentration  of  10"5 
(•  10"“  grams  per  milliliter)  does  the  effect  disappear. 

It  la  important  that  10"!  also  still  favors  the  Intake  of 
water  and  that  at  no  place  does  any  reversal  into  an  actual 
inhibition  take  place.  The  fact  that  ruge  observed  an  ac¬ 
celeration  of  germination  at  this  concentration,  even  if 
only  alight,  agreea  well  with  our  findings.  In  hia  taata 
the  o one ent rat ions  between  10"3  and  10"6  caused  a  consider¬ 
able  Increase  in  speed  of  germination,  but  had  leas  affect 
on  increasing  the  power  to  germinate.  He,  therefore,  looks 
on  ethylene  not  so  much  as  a  garaination  inducing  agent  as 
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a  germination  accelerating  agent.  We  now  presume  that  the 
acceleration  which  was  observed  was  brought  about  by  an  in¬ 
crease  in  water  permeability. 

Since  we  also  were  unable  to  bring  about  any  inhibi¬ 
tion  using  ethylene  saturated  water,  we  tested  to  see  whe¬ 
ther  it  would  occur  if  one  prolonged  the  duration  of  the 
effect.  V/e  therefore  left  leaf  cuttings  in  ethylene  satu¬ 
rated  water  for  up  to  70  hours.  Subsequent  plasmolysis  and 
deplasmolysis  though  resulted  in  a  deplasraolysis  time  which 
was  still  always  shorter  than  that  of  the  controls.  Ethy¬ 
lene's  effect  on  protoplasm  is  therefore  undoubtedly  the 
result  of  an  entirely  specific  activity.  One  can  hardly 
conceive  here  of  any  liberation  of  auxin  as  we  had  assumed 
for  K;.j  ethylene  rather  blocks  auxin  as  stated  above  and 
inhibits  growth.  The  increase  in  permeability  mentioned 
here  could,  however,  lead  to  an  unregulated  dissemination 
of  inhibitors  and  in  this  way  bring  about  the  striking 
growth  inhibition.  Tests  are  underway  to  clarify  this 
question. 

Our  ethylene  experiments  are  also  of  interest  be¬ 
cause  of  the  fact  that  they  teach  that  not  every  increase 
in  permeability  is  neccosearily  responded  to  by  an  acceler¬ 
ation  of  growth.  This  corroborates  the  assumption  that  al¬ 
so  In  the  case  of  growth  promoting  substances  the  increase 
in  water  permeability  is  not  the  only  observable  effect, 
but  instead  only  the  first  of  these,  in  the  process  of  el¬ 
ongation.  The  correctness  of  this  point  of  view  is  also 
supported  by  the  combined  experiment  using  ethylene  +  HA, 
which  will  be  de^lt  with  further  on. 

c)  Other  Biocatalyzers 

Investigations  were  made  on  other  biocatalysers  due 
to  their  general,  overall  importance,  specif ioally,  peni¬ 
cillin  and  the  weed-killer  or  herbicide,  2,  li-diohl  orphan  - 
oxyacetlc  acid,  to  determine  their  effeot  on  protoplaae 
permeability. 

1.  Penicillin.  Penicillin,  in  its  calolua  salt 
form  was  dissolved  in  water  to  give  a  solution  containing 
50,000  units  per  ml.  None  of  the  dilutions  tested  froa 
10”1  to  10*^  showed  any  effect  on  deplasmolysia  time.  Thus 
penicillin  does  not  affect  the  water  intake  of  the  proto¬ 
plasts.  The  mechanism  of  action  of  this  substance  mast 
then  be  of  a  kind  entirely  different  from  any  of  the  hither 
to  described  materials.  Growth  inhibition  produced  in  corn 


roots  by  Bain,  Signer  and  Schopfer  (19l;7)  using  penicillin 
was  not  attributed  by  the  authors  to  the  penicillin,  but 
rather  to  HA,  which  accompanied  the  penicillin  as  a  meta¬ 
bolic  end  product  of  the  fungus. 

2.  2.  h-dichlorphenoxyacatlc  Acid  Sodium  Salt. 
The  starting  solution  containing  10'::T^was^repare3,_By 
warming  sodium  2,  i^-dichlorphenoxyac  state  in  distilled  wa¬ 
ter.  The  low  water-solubility  of  the  substance  did  not 
permit  us  to  prepare  any  higher  concentrations.  It  showed 
no  effect  on  the  deplasmolysis  of  Rhoeo  protoplasts  over 
the  range  of  concentrations  from  l6~3  to  10"°.  Since  the 
destructive  effects  of  the  sodium  salt  of  2,  ij-dichlorphen- 
oxacetic  acid  were  particularly  noted  occurring  with  cru¬ 
cifer  weeds,  while  monocotyledons  remained  more  or  less 
spared,  it  could  be  thought  that  Rhoeo  did  not  represent 
a  suitable  subject  for  carrying  out  the  tests.  We  there¬ 
fore  used  epidermal  tissues  from  red  cabbage  for  further 
tests  as  they  can  readily  be  used  for  deplasmolysis  exper¬ 
iments.  The  results  were  again  negative,  though,  and  we 
noted  only  a  change  in  color  of  the  red  cabbage  cuttings 
from  red -blue  to  blue-violet.  According  to  the  results  of 
foreign  investigators,  which  were  only  available  in  book 
reviews,  the  sodium  salt  of  2,  4-dlchlorphenoxyaoetlo  acid 
carries  out  its  effect  inside  the  cells,  for  example,  by 
mobilizing  carbohydrates  or  in  nitrogen  metabolism.  These 
effects  could  be  independent  of  permeability,  also  the 
sodium  salts  of  2,  4»  5-trichlorphenoxyacetic  and  skatosul- 
fonic  acids  showed  themselves  to  be  ineffective  in  our 
tests. 


d)  Potassium  and  Calcium 

To  further  supplement  our  investigations,  we  also 
studied  the  effect  of  one  monovalent  and  one  bivalent  oa- 
tlon  on  the  water-permeability  of  our  tsst  subject.  This 
was  done  in  particular  because  we  wished  to  utilize  OAtions 
as  antagonists  to  various  active  agents.  Starting  solu¬ 
tions  used  were  N  KCl  and  X  CaClg,  both  of  which  were  then 
diluted  in  1:10  steps.  A  10"*  solution  therefore  corres¬ 
ponded  to  a  0.1  N  solution. 

Calcium  (Table  1?}  demonstrated  the  expected  Inhibi¬ 
tory  action  only  in  concentrations  of  1Q"2  and  10*3,  the 
effect  being  only  weakly  amplified  In  the  seoond  case.  At 
a  concentration  of  10"~  a  reversal  takes,  place  in  that  there 
is  s  weak,  but  distinct  stimulation*  10"**  was  comparable 
with  the  results  in  the  controls. 
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Tabclle  17.  C(t1rl  nmchlorid.  /  f 
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(a)  Table  17  Calcium  Chloride 


using  potassium  (Table  18} ,  one  observes  an  acceler¬ 
ation  of  the  water  intake  from  10"3  Up  to  10“°,  where  it 
reaches  a  peak,  suddenly  ceasing  altogether  at  10”’.  With 
potassium  no  reversal  of  effect  takes  place  in  stronger 
c  one  entra t i on3 . 


Tabetic  IS.  KuIiumcJtlorid. , ) 
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(a)  Table  18  Potassium  Chloride 


The  results  of  our  tests  agroe  well  in  principle 
with  tho-o  obtained  by  De  Haan  (1935).  No  direct  compari¬ 
son  cm  be  made  because  Do  Haan  worked  with  calcium  and 
potass ium  nitrates  instead  of  chlorides,  since  he  also 
used  Allium  Cepa  as  his  test  subject  and  sugar-cane  as  his 
plasmoiysis  medium.  The  inhibition  which  he  found  induced 
by  Ca>r+  ion3  in  the  10“^  concentration  was  somewhat  less 
than  ours,  while  hla  a  ions  alreadv  carried  out  a  promot¬ 
ing  action  in  concentrations  of  10"*.  De  Haan  also  men¬ 
tions  the  fact  that  in  certain  conditions  the  salt  concen¬ 
tration  can  be  determining  factor  as  to  whether  the  solu¬ 
tion  will  have  a  swelling  or  a  shrinking  effect.  We  then 
investigated  whether  potassium's  permeability  heightening 
effect  would  lead  to  curvatures  or  nastic  movements  in 
Kent's  Avena  test.  In  reality,  oat  coleoptiles  were  ob¬ 
served  undergoing  negative  nastic  movements  when  ws  used 
10“^  and  10*5  KC1  in  agar;  in  the  latter  of  the  two  oases 
the  effect  was  larger,  which  agreul  with  the  results  of 
our  deplasmolysls  teats.  With  10"°  the  ourvature  started 
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to  take  place  after  an  hour,  while  with  10"^  it  did  not 
become  apparent  until  after  two  hours  had  passed. 

The  fact  that  alkali  salts  can  promote  growth  on 
one  hand  and  inhibit  it  cn  the  other  hand  has  already  been 
demonstrated  by  Borris  (1937*  1939).  Snergula  arvensls 
and  Sllene  coell-rosa  hypocotyls  underv.’ent  in  some  cases 
more  than  100;i  growth  acceleration  in  K  and  Na  salt  solu¬ 
tions,  while  CaCl2  inhibited  elongation. 

e)  Tests  Using;  Various  Agents  i  t  Combination 

The  following  portion  of  this  paper  reports  the 
results  of  experiments  carried  out  with  various  agents  in 
combination.  As  wo  already  noted,  the/  were  carried  out 
in  the  hope  that  the  results  would  help  give  a  clearer  in¬ 
sight  into  the  mechanism  of  action  of  the  various  substan¬ 
ces. 

* 

1.  Potassium  Calcium.  First  of  all  we  tested 
KC1  and  CaClg  individually  again  in  order  to  obtain  exaot- 
ly  comparable  figures.  KCl  in  a  concentration  of  10*® 
again  promoted  maximum  water  Intake  with  the  quotients 
D  »  1.&5;  CaClp  in  a  concentration  of  10-3  gave  the  most 
powerful  inhibitory  effect  with  D  *  0.50.  We  then  mixed 
equal  quantities  of  these  two  solutions  and  added  the  mix¬ 
ture  to  the  mannitol  solutions. 

According  to  the  individual  results,  one  would  have 
expectod  that  there  would  still  have  been  an  inhibition; 
this  would  follow  because  the  Ca  had  inhibited  considerab¬ 
ly  more  than  K  had  promoted.  If  we  select  as  an  example  a 
deplaeraoiysis  time  for  the  controls  of  20  minutes,  then 
this  time  would  have  been  12  minutes  for  X  (20:12=1.66), 
and  for  Ca  1;0  minutes  (20:i;0*0.5)  •  In  the  first  case  an 
acceleration  of  6  minutes  occurred  and  in  the  second  a 
delay  of  20  minutes.  Thus  on  being  mixed  together  a  delay 
of  12  minutes  would  result,  wheroas  (Table  19)  complete 
compensation  took  place  Instead.  This  is  all  the  more 
striking  since  the  K  was  administered  in  r.  much  more  dilu¬ 
ted  form  than  the  Ca.  This  predominance  of  the  promoting 
effect  will  be  further  dealt  with  and  considered  more  in 
detail  in  connection  with  other  tests  of  various  agents  In 
combination. 


« 
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ValK-llo  i'J. 

KCl 

10  4  4-  CaCIJO -».(,7 

7 

.  :cci  io- 

Cu.Cl.l0-*  j  KCl  10 

*•  +  CaCl.  10-* 

l.  10.40 

1,00 

0,50  ! 

1,00 

:>.  io.  io 

1,63 

0,52  | 

1,00 

G.  10.  -10 

1,60 

0,47  i  , 

1,14 

7. 10.  49 

1.71 

i 

0,52.  j 

1,03 

. )  Table 

19  KCl 

10 

“6  +  CaCl2 

10-3 

Tho  physiological  antagonism  between  the  ions  of 
vlkeli  salts  and  alkaline  earth  salts  has  been  extensive¬ 
ly  investigated  in  model  tests  (Hbber  192L;.  and  accompany¬ 
ing  bibliography).  Here,  too,  it  was  found  that  the;  effects 
of  salts  in  tests  on  mixtures  did  not  simply  add  to  one 
..nother,  but  that  rather  specific  and  different  concentra¬ 
tions  of  both  substances  cancel  each  other  out  in  their 
effectiveness,  for  example,  in  the  swelling  of  gelatin  or 
on  the  surface  tension  of  lecithin  sols. 

2.  Potassium  +  Heteroauxin.  We  again  tested 
both  substances  individually  and  obtained  a  quotient 
D  =  1*76  with  10-6  HC1.  We  used  heteroauxin  as  an  antago¬ 
nist  in  the  inhibiting  concentration  of  10“h-,  which  at  this 
time  of  year,  in  October,  does  not  destroy  protoplasts,  but 
gives  an  average  inhibition  of  0.57*  Here,  too,  then,  in¬ 
hibition  was  considerably  more  powerful  than  growth  promo - 
•  ion.  On  applying  them  simultaneously,  extensive  compen¬ 
sation  took  place;  the  average  quotient  was  1.12  (Table  20)# 
The  promotional  effect  of  potassium  therefore  counteracted 
the  more  powerful  inhibiting  effect  of  HA  more  than  was  to 
be  expected. 


Tabelle  20.  KCl  10~f  und  Heteroauxin  ) 


1  KCl  10-* 

H.A.  10-‘ 

|  KCl  10-*  +  H.A.  10-‘ 

15. 10.40 

1  .  1,70 

.  0,62 

!  1,20 

18. 10.40 

i  2,00 

0,44 

i  1,00 

10.  10.  40 

1,75 

0,70 

1,10 

21. 10.  40 

i  1,60 

0,53 

1,18 

(a)  Table  20  KCl  10-&  and  Heteroauxin  10"^- 


In  principle,  this  is  the  same  result  as  we  experi¬ 
enced  with  the  K  +  Ca  combination*  In  the  absence  of  more 
detailed  knowledge  of  the  s  tructure  of  the  protoplasm.  It 
is  impossible  to  give  any  certain  explanation  of  the  - 
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phenomenon.  V/o  would  lii:o  to  add  to  our  observations 
those  of  Golgor-Sut tor  (1943)  and  Sutter  (1944)  mentioned 
previously,  according  to  which  the  HA  in  greatly  diluted 
solutions  forms  a  bond  at  some  specific  reaction  site  in 
the  protoplasm  and  only  then  does  it  operate  to  promote 
water  intake.  V/e  have  in  addition  assumed,  though,  that 
free  HA  has  a  harmful  effoct  so  that  the  protoplasm's  per¬ 
meability  is  forfeited,  if  this  free  EA  and  the  K  were  to 
carry  out  the  actions  at  different  sites,  then  one  could 
expect  a  simple  summation  of  the  effects  to  take  place; 
then  HA  at  its  sites  would  further  inhibit,  and  in  the  same 
way  K  at  its  sites  would  further  promote  water  intake. 

But  since  no  summation  occurs,  but  rather  the  K  almost 
compensates  for  the  inhibiting  effect  of  the  HA,  one  may 
assume  that  they  both  operate  at  the  same  site  and  mutual¬ 
ly  influence  one  another  in  their  operation.  One  may  well 
conclude  from  the  overall  results  that  applications  of 
potassium  counteract  the  harmful  effects  of  high  concentra¬ 
tions  of  HA. 


3.  Coumarin  +  Heteroauxin.  10 -7  HA  gave  a  very 
moderate  acceleration  D=  1.23  CTable  21)  in  the  individual 
tests,  with  only  one  exception.  The  tests  were  carried 
out  in  March,  so  the  low  figure,  is  presumably  conditioned 
by  the  season  of  the  year.  10”4  coumarin,  on  the  other 
hand,  gave  the  particularly  strong  inhibition  of  D  =*  0*44* 
The  fact-  that  in  combination  the  inhibiting  effect  should 
predominate  should  be  less  of  a  surprise,  then,  than  the 
fact  that  it  predominated  so  little.  Here  again,  then,  wo 
find  that  the  promoting  effect  gets  the  better  of  the  in¬ 
hibiting  effect.  On  the  whole,  then,  one  finds  as  a  re¬ 
sult  of  the  tests  that  coumarin  and  HA  act  as  antagonists 
and  one  can  again  assume  that  they  do  not  carry  out  their 
actions  independently  of  one  another  at  different  sites, 
but  that  they  operate  at  the  same  site. 


TuU-lIc  21.  Cuuiarin  10~ 4  und  Heteroauxin  10~7.'  ) 


JI.A.  nr’ 

Cum.  10"* 

j  Cum.  10-4  4-  II. A.  10-’ 

22.  3.  -jo 

1,28 

0,42 

0,00 

27.  3.  -10 

1,25 

0,50 

1,00 

28.  3.  40 

1.75 

0,40 

0,90 

20.  3.  40 

1,25 

0,44 

0,80 

(a)  Table  21  Coumarin  10"^  and  Heteroauxin  10~7 


Moqwu3  (1949)  also  discovered  an  antagonism  between 
HA  and  coumarin  in  the  cress  root  test.  He  first  investi- 


I 
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gated  the  root  growth  in  separate  solutions  and  then  in 
combined  solutions  and  compared  the  results  with  the  growth 
of  controls  in  pure  water*  His  test  runs^on  8  Kay  1947* 
ror  exam-ole,  shew  that  counnrin  0.5  x  10  (inhibition  - 
20%)  together  with  HA  C.5  ::  1G;  (promotion  +  3%)  mixed 
together  gave  a  growth  inhibition  of  -1$%.  This  result 
almost  corresponds  to  ::hot  one  would  have  calculated.  Ho 
such  simple  summation  occurs  in  ary  of  our  investigations, 
as  already  mentioned.  Sue  to  the  complete  difference  in 
math  G  Cl  h  ;  uaIXS  Cli.2,Z  G  o  in  results  should  be  no  surprise. 
V/e  tested  only  the  primary  effect  of  the  biocatalyzers  on 
isolated  cells,  while  Koewus  studied  the  growth  process  of 
entire  organs. 

4.  Conner  in  *  hvena  C-rowth  P^ct^r.  ?or  this 
experiment  vs  used  the  earlier  describee  cut-coleoptile 
extract;  the  degrees  of  dilution  should  also  be  understood 
in  the-  sun  way  as  in  the  earlier  A  vena  tests,  V/e  tested 
two  c one, sntrat ions,  namely,  10'?  having  an  effect  D  =  X.l5 
and  1G“°  with  D  =  I.4.7 „  The  ecu... aria  solution  gave  an  in¬ 
hibition  of  D  »  0.58;  the  latter  was  thus  considerably 
more  powerful  than  the  former. 

The  combination  of  courier  in  with  the  less  powerful¬ 
ly  effective  10”^  concentration  (Table  22)  resulted,  ac¬ 
cordingly,  in  a  distinct  inhibition.  Ac  against  this  we 
found  that  on  combining  the  coumarin  with  10**°  extract 
this  was  no  longer  the  case;  rather  a  complete  compensa¬ 
tory  action  G  OC--  Gi  cuC  o.  Vvo  thoroi  ore  again  lint  that  there 
is  no  simple  summation  of  the  effect,  but  that  rather  the 
growth-promoting  substance  prevails.  Thus  that  which  we 
had  carried  out  earlier  was  valid  here,  too. 

T.-ibclic  22.  Av&na-KucliMloj j  (A)  10~7,10“a  -f  Cuinarin  10“*.  ) 


A.  10'* 

_  Cum.  10"4  A. 

10*’  -r  Cum.  10-‘,A. 

10"*  +  Cum.  10'4 

M2 

0,55 

0,77 

1,02 

1,50 

i/,55 

0,77 

i,00 

1,43 

0,04 

1,03 

■is.  ).5i>  1.11  J ,12  0,33  0,77  1,02 

i .  i .  .'.u  1,20  1,50  u,53  0,77  1,00 

1.2.50  1,43  0,04  1,03 

(a)  Table  22  Avena  Growth  Factor  (A)  lO"^,  10"^  + 
Coumarin  TEF**" 


Ethylene  +  Eeteroauxin.  In  an  earlier  inves¬ 
tigation  (Guttenberg  and  hteirnnotz,  1947),  we  found  that 
etnyler.e  deactivates  the  plant's  own  auxin  by  a  kind  of 
blocking  effect,  while  heteroauxin  or  HA  remains  unaffected 
by  it.  It  was  therefore  considered  to  be  of  interest  to 
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combine  these  two  substances  and  test  them;  in  so  doing  HA 
was  tested  once  in  the  1C"4  inhibiting  concentration  and 
once  in  the  10"*  promoting  concentration.  Our  earlier  re¬ 
sults  enabled  us  to  conclude  that  the  inhibition  occurring 
in  higher  concentrations  is  a  purely  HA  effect,  but  that  • 
the  promotional  effect  is  attributable  to  activated  auxin; 
if  the  auxin  is  blocked  by  ethylene,  then  its  effect  will 
be  absent. 

We  therefore  first  combined  10 “3  ethylene  having  the 
powerful  •promotional  effect  2.20  with  10 “4  HA,  having  a 
Tk/Tv  ratio  or  0.57  and,  therefore,  highly  inhibitory 
(Table  23).  The  figure  obtained  by  mixing  therrTwasT  1.10; 
this  weak  promotion  corresponds  approximately  to  the  rela¬ 
tionship  between  the  effects  of  the  substances  which  ware 
U3ed.  Ethylene  thereby  completely  overcomes  the  inhibition 
brought  about  by  10“4  HA.  Here,  then,  is  a  case  in  which 
one  can  assume  that  each  of  the  two  substances  carries  out 
its  function  at  a  different  3ito  or  works  in  an  entirely 
different  manner;  in  such  a  case,  then,  as  previously  men¬ 
tioned,  one  would  expect  a  simple  summation  of  the  effects* 

Tabcllo  23.  Athylcn  10~3  -f  llueroauxin  10 Cd  * 

A.  10  *  1I..Y.  ID'*  A.  10-*  +  1I.A.  10-* 

,  12.10.40  2,20  0,57  |  1,10 

(a)  Table  23  Ethylene  10~3  +  Heteroauxin  10"4 


We  then  combined  the  promoting  EA  concentration, 

10*7,  which  gave  a  quotient  of  1.91  in  this  case  with  10'3 
ethylene,  whose  quotient  wa~  2.17.  A  summation  of  both 
these  effects  would  have  brought  about  an  extraorldnary 
acceleration  of  the  water  intake.  In  reality,  though,  it 
proved  considerably  less,  relatively,  being  2.62  (Table  24)* 
This  is  in  complete  agreement  with  our  interpretation  that 
the  promoting  action  of  HA  depends  on  auxin  activation. 

Such  an  activation  could  only  have  partially  taken  place, 
here,  since,  as  pointed  out  above,  the  auxin  is  largely 
deactivated  by  ethylene, 

Tftbelle  24.  AtLylcu  10~3  -+■  lltU  i'iHinx.in  10~7.  (<i  ~) 

:  I  A.  10-*  II. A.  I0-:  ]  A.  10-*  +  II. A.  10-’ 


13.10.40  j  2,17  1,01  ;  2,62 

(a)  Table  2 4  Ethylene  10"3  +  Heteroauxin  10"7 
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Borgia  (19l'-3)  applied  KC1  in  a  0.02  mol  solution  to 
Agr  os  t  s:  rang  Gith./'-o  germ  bud  a  in  a  culture  substrate  and 
subjected  them  simultaneously  to  an  ethylene  atmosphere. 
The  inhibition  in  hypococyl  growth  induced  by  the  ethylene 
was  greatly  reduced  by  the  effect  of  the  potassium.  There 
was  powerful  relative  promotion  of  growth,  which  actually 
remained  less  than  the  absolute  amount  of  growth  in  plants 
not  subject  to  the  gas  when  potassium  is  added.  Prom  this 
one  can  also  conclude  that  the  effects  of  ethylene  and  po- 


ontirely  different  natures.  To  this  extent 


one  nests  in  combination  also  correspond  to  the  behavior 
observed  in  plasmolysis  tests  when  HA  is  added  to  solutions 
of  ethylene  in  water.  Borris  also  studied  the  behavior 
of  hypocotyis  in  ethylene  after  the  cotyledons  had  been 
removed.  In  this  case  the  inhibiting  effect  of  the  gas 
was  sharply  reduced.  Entirely  similar  results  were  obtain¬ 
ed  by  Borgstrbm  (1939)  with  other  dicotyledonous  germ  buds* 
This  behavior  would  in  our  opinion  be  explainable^ in  the 
'/allowing  manner:  The  cotyledons  supply  both  growth -pro¬ 
moting  and  growth-inhibiting  substances.  Ethylene  decreas¬ 
es  the  effect  of  the  former,  while  the  latter  remain  unaf¬ 
fected.  They  therefore  flow  throughout  the  entire  plant 
and  into  the  hypocotyl  from  the  cotyledons,  while  if  the 
cotyledons  are  removed  they  will  be  absent. 


SUMMARY  OP  RESULTS 

The  task  of  the  investigation  was  to  study  the  ef¬ 
fects  which  various  biocatalyzers  have  on  the  water  perme¬ 
ability  of  protoplasm.  Violet  epidermal  cells  from  the 
underlaaf  of  Rhoeo  were  used  as  the  subjects  of  our  experi¬ 
ments.  The  acceleration  or  inhibition  of  water  intake  was 
measured  with  the  aid  of  the  deplasmolysis  time  method.  We 
used  mannitol  as  a  plasmolysis  medium,  as  the  protoplasts 
are  impermeable  to  this  substance.  In  most  cases  a  0*3 
molar  solution  was  used  for  plasmolysis  and  a  0.2  molar 
solution  for  deplasmolysis.  The  various  active  substances 
to  be  tested  were  added  to  these  solutions;  their  osmotic 
presiures  were  unaffected,  since  the  concentrations  of  bio¬ 
catalyzers  added  were  so  small.  A  paper  to  follow  will 
show  that  all  effects  observed  were  due  not  to  any  changes 
in  pH,  but  were,  instead,  of  a  specific  nature. 

First  of  all  substances  which  promote  longitudinal 
growth  or  elongation  were  tested,  above  all  hetero&uxin, 
oat  coleoptile  extract  and  phenylacetic  acid,  as  well  as 
colchicine  and  vitamin  C.  HA  in  concentrations  of  10"^  to 
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10*7  shortens  the  deplssmolysls  time  with  increased  dilu¬ 
tion  so  that  at  10“ 7  the  deplssmolysls  occurs  in  only  about 
half  the  time  as  in  controls.  Over  this  range  of  concen¬ 
trations  ,  then,  HA  increases  water  permeability*  A  sudden 
reversal  of  effeot  takes  place  at  10**1  and  a  very  powerful 
inhibition  occurs,  which  is  shown  by  a  prolongation  of  de- 
plasmolysis  time  to  about  twiee  that  of  controls  (Fig.  3)* 
Many  cells  now  show  permanent  plaamolysis  as  a  result  of 
damage,  while  others  are  destroyed.  This  destruction, 
which  consists  in  a  dissolution  of  the.protoplasta,  always 
takes  place  with  concentrations  of  10*3  ha. 


FlMBtolrwxoibm  linch  dor  Method,  ron 
Kaczmaiuuc  (Kfthlcu  -  Pro  rente). 

(a)  Pig,  3  -  Curves  showing  the  effects  of  HA  in 
different  concentrations;  data  represents  deplssmolysls 
tilmes  using  the  Kaosmarek  method  (Figures  in  left-hand 
oolumn  represent  percentages). 


The  following  hypothesis  was  established  as  a  gener¬ 
al  explanation  of  the  overall  behavior.  Free  HA  increas¬ 
es  viscosity,  inhibits  the  intake  of  water'and  in  concen¬ 
trations  of  10*3  destroys  the  protoplasm.  On  the  other 
hand,  bonded  HA  increases  permeability  to  water  either  be¬ 
cause  it  liberates  auxin  by  displacing  it,  or  because  it 
turns  itself  Into  auxin.  Both  processes  overlap  one  anoth¬ 
er,  In  concentrations  of  10*4  the  effeot  of  the  auxin  is 
entirely  overlapped  bx  the  powerful  inhibiting  action  of  . 
the  free  HA,  The  10*3  concentration  shows  a  slightly  pro¬ 
moting  effect,  which  depends  on  the  fact  that  the  inhibi¬ 
tion  by  HA  is  sharply  reduced.  In  concentrations  of  10*6 
and  particularly  10*T  the  permeability-heightening  effeot 


predominates  and  the  Inhibition  disappers. 

Oat  coleoptile  extract  promotes  water  intake  in 
concentrations  which  a  re  comparable  to  the  HA  10*5  to  10*7 
concentrations. 

Phenylacetic  acid  increases  water  permeability  less 
than  the  above  two  mentioned  growth  factors;  its  optimum 
effectiveness  is  in  the  neighborhood  of  10”5,  As  in  the 
case  of  HA,  there  is  a  reversal  in  the  substance's  action 
at  10*3,  where  it  has  an  inhibitory  effect,  while  at  10*4 
it  Las  no  effect  at  all.  Thus  the  explanation  given  for 
HA  may  also  be  valid  here,  too.  Colchlcin  behaves  simi¬ 
larly.  It  promotes  the  maximum  water  intake  in  a  concen¬ 
tration  of  10“®,  while  in  10'3  a  powerful  inhibition  sets 
in.  Ascorbic  acid  also  acts  in  the  same  way.  Its  maximum 
promoting  effect  lies  near  10*5 j  in  10*3the  protoplasm  is 
destroyed.  The  growth  promoting  effect  disappears  both 
at  10*4  and  at  10"B.  Vo  were  unable  to  discover  any  in¬ 
hibitory  action  in  the  pure  acid,  but  we  did  find  such  ac¬ 
tion  present  in  sea  buckthorn  berry  extract  10*2,  which 
behaves  similarly  otherwise. 

It  is  common  to  all  growth  factors  that  they  in¬ 
crease  water  permeability  in  specific  dilutions  (Fig.  Ij.)* 
With  the  exception  of  auxins  taken  directly  from  plant  tis¬ 
sues  (oat  coleoptllos),  the  growth  promoting  effect  is  re¬ 
versed  at  a  certain,  specific  higher  concentration  -  water 
permeability  suddenly  drops  off  sharply.  This  corroborates 
the  fact  that  the  explanation  given  above  far  HA  is  valid 
for  all  of  these  substances,  namely,  that  they  inhibit  them¬ 
selves,  but  to  the  extent  that  they  form  bonds  with  the 
protoplasm,  they  promote  water  Intake,  perhaps  by  displac¬ 
ing  auxin.  It  must  at  least  hold  true  that  here  two  count¬ 
eracting  processes  overlap  one  another.  Ho  inhibiting  ef¬ 
fect  Is  ever  noted  to  occur  when  using  Avona  extract,  but 
that  could  be  attributable  to  the  faot  iSTTit  Is  unfortu¬ 
nately  impossible  to  use  higher  concentrations. 


I 


timtton;  i  rmlttolt  nioh  dcr  Method* 


to:i  ns  Haah.  . 


(a)  Pig.  1).  -  Growth  curves  of  growth  factors  in 
varying  concentrations}  data  taken  using  the  De  Haan  method; 
(b)  Sea  buckthorn  berry  extraot;  (e)  Colchicine;  (d)  Fhen- 
ylaoetic  acid;  (e)  Heteroauxin;  (f)  Concentration* 


Among  typieal  inhibitors,  above  all  coumarln,  para- 
sorbic  acid  and  tomato  extract,  along  with  4**hydroxycouma- 
rin  and  ferullc  acid  were  tested.  Coumarln  carries  out  a 
clear  inhibitory  action  against  water  uptake  in  the  range 
of  concentrations  between  10*3  and  10"5  (Pig.  5).  The 
maximum  effect  occurs  in  the  vloinity  of  10-3;  this  concen¬ 
tration  sometimes  leads  to  permanent  plasmolysls.  At  no 
concentration  does  any  reversal  of  action  to  a  growth-pro¬ 
moting  effect  take  place.  Parasorbio  aoid  behaves  similar¬ 
ly.  The  greatest  inhibition  was  observed  at  10-3,  while 
the  effect  disappeared  at  10°5.  in  concentrations  of  10"2 
the  protoplasts  are  destroyed.  The  destruction  though, 
takes  place  entirely  differently  than  with  HA.  While  with 
HA  the  protoplast!  dissolve  and  run  out,  with  parasorbio 
aoid,  they  burst,  instead.  In  strong  concentrations  tomato 
extract  powerfully  inhibits  water  Intake,  as  do  10**1  4 ‘hy¬ 
droxys  oumarin  and  10*3  ferullo  acid. 


Abb.  f.  Wlrkunokurron  von  Cumarln  Tenehledoaar 
Knumtimtlon;  ormlttelt  »u.  don  Plums) raeati ton  ’ 
(UJ  nach  dor  Moth  ode  von  Kaczmarkk. 


(a)  Fig.  5  -  Curves  showing  effects  of  couraarln  In 
different  concentrations;  data  represents  deplaamo lysis 
times  using  the  Kaosmarek  method;  (b)  Percentage  of  otlle 
remaining  plasmolysed;  (o)  Controle. 


Common  to  all  these  Inhibitors  is  the  fact  that  they 
decrease  water  permeability  (Fig.  6).  Unlike  the  above 
mentioned  growth  factors,  they  never  undergo  any  reversal 
of  their  action,  l.e.,  they  do  not  promote  water  intake  In 
any  concentration.  They  rather  continue  to  Increase  In  In¬ 
hibitory  power  with  increase  in  concentration  until  they 
reach  a  certain  maximum.  Ethylene  is  a  special  case  since 
it  very  powerfully  Inhibits  elongation,  but  Increases  water 
permeability.  Its  greatest  promotion  of  water  permeability 
Ilea  in  the  range  of  concentrations  from  10"^  to  10"“,  with 
a  maximum  at  10"*.  There  is  no  concentration  of  ethylene 
at  which  any  deorease  in  water  permeability  occurs.  ,We 
found  In  earlier  investigations  that  ethylene  partially  de¬ 
activates  auxin.  Is  Is  no  wonder,  then,  that  no  growth  oc¬ 
curs  In  spite  of  the  observed  Increase  in  permeability. 

The  inhibition  of  growth  together  with  thickening  of  the 
organ*  presumably  depend  on  the  fact  that  Inhibitors  are 
diffused  throughout  as  it  result  of  the  Inorease  in  permea¬ 
bility,  there  being  no  antagonist  available  to  counteract 
them. 
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Konxentrmtlon ;  urmittclt  nach  dor 
Mothodo  von  t>k  Haax. 


(a)  Fig.  6  -  Curves  showing  effeot a  of  growth  Inhi¬ 
bitors  in  different  concentrations:  data  taken  using  the 
De  Haan  method;  (b)  Ferullo  aeld;  To )  Coumarln;  (d)  4 -hy¬ 
droxy  c  owner  in;  (e)  Farasorblo  acid;  (f)  Concentration. 

Penicillin  and  2,  ii-diohlorphenoxyacetlo  acid  hare 
no  effeot  on  water  permeability. 

Potassium  ohloride  was  found  to  increase  permeablll 
ty  between  10*3  and  10"©,  the  increase  becoming  greater 
as  concentration  diminished;  10"2  and  10*7  took  no  effect. 
With  the  use  of  CaCl2,  complicated  relationships  were  pre¬ 
sent,  since  in  concentrations  of  10"2  and  10~3  the  permea¬ 
bility  decreases  with  only  a  slight  increase  in  concentra¬ 
tion,  While  10"1  promotes  water  intake;  the  effeot  disap¬ 
pears  at  10-4. 


Tests  oarried  out  using  various  agents  in  combina¬ 
tion  gave  the  following  results:  On  mixing  KC1  and  CaCl2 
in  the  most  promoting  and  most  inhibiting  concentrations, 
respectively,  their  effects  were  praotioally  cancelled  out 
Since  the  Ca  had  a  stronger  inhibiting  effoot  when  tested 
separately  than  the  promoting  effeot  of  K,  the  permeabili¬ 
ty  promoting  effeot  gave  evidence  of  predominating*.  Also 
when  one  combines  promoting  KC1  with  inhibiting  10"4  HA 
concentration,  no  simple  summation  takes  place,  but,  in¬ 
stead,  the  promoting  action  takes  a  more  powerful  effeot 
than  one  would  expect  on  the  basis  of  calculations.  The 
same  is  true  for  combinations  of  inhibiting  coumarln  and 
promoting  HA  or  auxin.  The  simultaneously  applied  subetan 
oes  work  as  antagonists.  It  is  true,  but  the  promoting  sub 
stance  shows  clear  dominance*  Consequently  one  comes  to 
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the  opinion  that  both  substances  exert  their  action  at  the 
same  site  and  interfere  with  one  another’s  mode  of  action 
at  that  point.  Simple  summation  of  the  effects  would 
speak  in  behalf  of  different  sites  of  action  for  the  dif¬ 
ferent  substances,  as  in  such  a  case  the  separate  processes 
could  run  their  course  without  interfering  with  one  another. 
This  aopears  to  be  true  only  of  ethylene  when  one  combines 
this  powerful  permeability  promoting  substance  with  the 
inhibiting  10“h  HA  concentration.  In  this  case  there  is 
a  pure  summation  and  a  cancelling  out  of  both  effects. 

This  will  be  understandable  if  one  assumes  that  ethylene 
on  being  unlnhlbitod,  continues  to  promote  and  that  HA  also 
when  not  counteracted  continues  to  inhibit.  If,  Instead, 
one  combines  ethylene  with  the  promoting  10“'  HA,  no  fur¬ 
ther  pure  summation  takes  place,  but  instead  there  is  only 
a  slightly  Increased  total  promotion.  This  would  favor  the 
assumption  that  10“'  HA's  action  consists  in  an  activation 
of  auxin.  Vfhen  the  experiments  are  oarrled  out  using  sub¬ 
stances  in  combination  this  cannot  be  brought  out  because 
ethylene  at  least  partially  blocks  the  freed  auxin.  It 
must  therefore  be  emphasised  that  with  our  limited  knowledge 
of  protoplasm  structure,  one  must  exerolse  tho  greatest 
oaution  in  attempting  to  explain  the  results  of  such  com¬ 
bined  experiments.  The  opinions  expressed  herein  in  this 
regard,  therefore,  must  be  taken  as  having  value  only  as 
speculation. 

On  the  whole  it  was  proven  that  when  applied  in  phy- 
siologi  cally  effective  concentrations  growth  factors  in¬ 
crease  the  water  permeability  of  protoplasm^ and  growifa  In¬ 
hibitors  decrease  lbs  Wter  permeability,  f he  rapid  and 
liberal  water  Intake  of  cells  during  elongation  is  made 
possible  direotly  by  the  growth  factors  while  growth  inhi¬ 
bitors  act  as  antagonists  and  have  a  powerful  braking  ao- 
tlon  on  water  intake.  The  rapid  initiation  of  this  effect 
is  clear  evidence  that  It  is  a  primary  effect  of  said 
growth  factors  and  inhibitors,  which  Thus  aot  first  of  all 
as  regulators  of  water  permeability.  It  is  clear  that  even 
knowing  this,  the  apeolfic  effect  which  auxin  has  on  the 
cell  membrane  during  the  changes  Which  follow  still  remains 
unexplained*  J rfe  nevertheless  look  upon  this  as  an  advance¬ 
ment  of  knowl&^lge  to  have  shown  that  these  various  substan¬ 
ces  operate  furtdamentally  on  the  protoplasm  fund  not  on  the 
cell  wall.  The  proof,  too,  that  lO**i  to  W-4-  HA  destroys 
the  protoplasts  seems  to  us  to  be  important.  Aooordlngly, 
it  should  be  assumed  ths  ^  *  those  off sots  whioh  are  to  be 

observed  in  applying  such  high  oonosntrstlons  rspresent  in¬ 
direct  effsots  of  the  HA.  The  lib era ti on  of  "neorohormonea” 


could  be  involved  here,  as  Haber landt  has  assumed  to  be 
the  case* 
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